INTRACRANIAL 

COMPLICATIONS 

OF 

EAR, NOSE AND 
THROAT INFECTIONS 



INTRACRANIAL 
COMPLICATIONS 
OF EAR, NOSE AND 
THROAT INFECTIONS 


BY HANS BRUNNER, M.D.. ASSOCIATE PRO- 
FESSOR OF OTOLARYNGOLOGY, UNIVERSITY OF 
ILLINOIS COLLEGE OF MEDICINE. CHICAGO 


THE YEAR BOOK PUBLISHERS • • INC. 


304 SOUTH DEAHBORN STREET 


CHICAGO 



COPYRIGHT SEPTEMBCR me 
BY THE YEAH BOOK PUBLISHERS, INC. 


FltCCTED 


TltE UJ.A, 



THE MEMORY OF MY FATHER 


BeHTUOLD BnUNNER 



Preface 


Fon a quarter of a centur)', as clinician and teacher, I have 
studied the intracranial complications of ear, nose and throat 
infections. This work was begun under the guidance of Prof. 
Gustav Alexander and carried on after the death of that remark- 
able man. 

This book is not intended to ser\'e as a textbook of otorhinol- 
ogy. It is assumed that the reader is acquainted with the princi- 
ples of both otorhinology and neurology. 

The view that intracranial complications of ear, nose and 
throat infections no longer are a significant problem is unsound. 
Admittedly, tlie incidence of such complications has decreased. 
Nevertheless, even though a striking reduction of intracranial 
complications is attributable to modem chemotherapy, one must 
remember that a definite decrease in incidence had been noted 
years before the advent of chemotherapy. Chemotherapy is of 
definite value in tlie treatment of intracranial complications; its 
influence in the prophylaxis of these complications is contro- 
versial. However, it is a fact that not infrequently chemotherapy 
of the primary condition alters the customary symptomatology 
and renders diagnosis and treatment of intracranial complica- 
tions more difficult tlian before the introduction of these new 
therapeutic agents. Thus we are dealing in this volume witli 
problems lliat continue to deserve the attention of the otolaryngol- 
ogist and neurologist. 

Most of my earlier work was done while engaged in post- 
graduate teaching in Vienna before the war; therefore some of 
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iny important records are not a\'ailable. Of those I was able to 
presen’c I Iiave made free use in this volume. The same cir- 
cumstances are responsible for the absence of a great number of 
statistics. Their lack, however, does not seem too important, 
because statistics are frequently more confusing than enlighten- 
ing, particularly tliose basctl on a review of the literature. Fur- 
thermore, pertinent statistics have already been published, as 
reference to the Quarterly Ciiinulaticc Index Mcdictis and the 
splendid summaries of intracranial complications by Wells P. 
Eaglcton will show; their rc|>etitioii here would he unnecessary. 
It i.s almost inevitable that certain important studies escape 
attention wlien reviewing tlie literature. Such omissions are not 
intentional. I base deliberately avoided oserloading the follow- 
ing pages with quotations and an elaborate bibliography and 
have included only references which offer an exhaustive review 
of the pertinent literature. 

I am indebted to numerous persons for advice and aid in the 
preparation of liiLs work. Without the generous efforts of Dr. 
F. L. Lederer and Dr. E. LeRo) Wood the writing of lliis work 
might never liave been possible. Dr. A. R, Ilollender gave spe- 
cial impetus to the preparation of the volume and constant en- 
couragement. Drs. Percival Bailey, A. J. Coombs, G. S. Livingston, 
S. M. Morwitz, I. Spiesman and O. E Van Al)ea read portions 
of the manuscript and offered helpful criticisms. Dr. L. Berg- 
mann made special anatomic studios for several illustrations. 
Special mention is also due Mr. Tom Jones, Mrs. Maria Ikenberg, 
Miss Angela Bartenhach and Mr. L. A. Toricllo for their contri- 
butions to the illustrative material used here, and also the pub- 
lisher for constant co-operation. 


—Hans Brunvkb. 
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CHAPTER ONE 


Anatomy and Physiology 


Dura Mater (Paciiymen'inx) 

Thk cerebral dura consists of (1) connective tissue, (2) blood 
vessels, (3) nerves, ^4) l)inphalic crevices and (3) mesotlielium. 
The connective tissue is firm and poor in cells. An internal and 
external layer can be distinguished if tlie fibers of cacli run in a 
different diiection. The external layer ser\'es as tlie internal peri- 
osteum of the bones of the skull. In this layer arc found the rami- 
fications of llie middle meningeal arter)’, originating from the 
interna! maxillary artery; tlie anterior meningeal artery, originat- 
ing from tbe anterior ethmoid artery, and the posterior meningeal 
arter)', originating from tlie pharyngeal ascending artery-. Only tlie 
branches of the middle meningeal arter)’ run in sulci on the 
inside of tlie skull which can be visualized on x-ray pictures. 

Tlie blood vessels of the dura form an external and an internal 
network. Tlie external network consists of branches of the 
meningeal arteries which frequently anastomose with one an- 
ollier and are usually accompanied by two veins. The internal 
network contains fexver blood vessels than the external layer 
and consists of venous capillaries which anastomose witli one 
another and frequently present saclike dilatations (Fig. 29, pp. 
92 f.). There arc numerous anastomoses between tlie two net- 
works (Fig. 32, p. 99): fine arterial capillaries originating from 
the arteries of the external network run through the dura anti 
empty into the dilatations of the internal capillary bed, and 
veins of the internal network nm toxvard tlie veins of tlie external 
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network. Tlie blood of the pachynieniiL'c is carried away by the 
meningeal veins and dural sinuses. It must be emphasized that 
the arteries of the dura are found principally in the external layer, 
w’liereas the x’enous capillaries occur chiefly in the internal layer, 
Tliis arrangement probably contributes to the considerable re- 
sistance of the dvira to infections which originate in the adjacent 
t)’inpanic cavity and paranasal sinuses. 

The external netw’ork of tlje dura anastomoses with the blood 
\essels of the bone and the mucosa of the tympanic cavity and 
paranasal sinuses (Fig. 5, p. 15). The internal netwwk com- 
iminicatcs with the blood vessels of the pia-arachnoid. Tlie arter- 
ies of the e.xlemal network have fine branches which carr)’ blood 
into the bone. Other branches b»cak up into capillaries within 
the mucosa of the tympanic cavity and paranasal sinuses. Tlie 
\enous capillaries leave the mucosa along the same channels 
which lead the arterial capillaries into the mucosa and drain into 
the veins of the external network. The anastomosing veins are 
valveless, and thus the blood may flow in cither direction. These 
anastomosing arterial and venous blood vessels whicli nin be- 
tween the dura and the mucosa of the tympanic cavity and para- 
nasal sinuses arc important in the pathogenesis of intracranial 
complications. 

The nerve supply of the dura is furnished chiefly by the three 
divisions of the trigeminal nerx’e. The dura of the posterior fossa 
is innervated principall)' by branches of the vagus nerve and 
probably by branches of tlie glossopharyngeal and the three 
vipper cervical nerx’es. The dura contains many branches of the 
sympathetic nerx’c, probably originating from the sympathetic 
nerves in the carotid canal and running parallel to the meningeal 
arteries. Both the anterior third of the superior longitudinal sinus 
and the cavernous sinus arc supplied by the first division of the 
trigeminal nerve. Tlie posterior third of the superior longitudinal 
sinus, the transverse sinus and the superior petrosal sinus are 
crossed by many branches of the nervus lentorii (nervns rccur- 
rens of Arnold). Tin’s nerx'e leases the first division of the 
trigeminal, turns back and nms in, or close to, the sheath of the 
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trochlear nerx’e. Near the attached border of the tentorium its 
fibers leave the trochlear sheath and spread out fanwise within 
the tentorium. The nerve fibers reach the walls of the aforemen- 
tioned sinuses and are particularly numerous in the region of the 
torcular. Here the)’ turn upward into the falx and can be followed 
forward for some distance. In the walls of the sigmoid sinus and 
jugular bulb may be seen fine nerve fibers, supplied by the ninth 
and tenth nerves in the jugular foramen. It is a moot question to 
what extent the sinuses are actually innervated by the nerves 
which cross them. No nerve endings have been found in the sinus 
walls. The dura is not sensitive to pain, except parts at the base 
of the skull, but sensitivity to pain is present in the arteries of the 
dura (cx’cept the small terminal branches), the cerebral arteries 
at the base of the brain, the fifth, ninth and tenth cranial nerves, 
the three upper cervical nerves and, to a lesser degree, the great 
venous sinuses and their tributaries from the surface of the brain, 

Certain t)’pical patterns of pain reference originating in the 
dura arc of interest to the otolarj'ngologist. The anterior portion 
of the falx and longitudinal sinus refer pain to the forclicnd and 
nose. The lateral sinuses may refer pain along the recurrent nerve 
(Aniold) forNvard to the back of the ipsilaleral eye. Reference 
of pain from the posterior cranial fossa is apt to be to the ipsilal- 
cra! mastoid or occiput and neck. 

The dura is tunneled by a system of crevices which are be- 
lieved to communicate witli the subdural spaces and to be 
continuous xsith l)mph vessels which commence on the external 
surface of the dura and extend to the neighboring bmpli nodes. 
However, a free anastomosis belsvcen the crevices of the dura 
and the lymph nodes apparently docs not exist since neither in 
sinus thrombosis nor in extensive pach)Tneningitis are inflamed 
l)mph nodes found. Several authorities state definitely that the 
dura does not contain true l)'mphatic vessels, i.e., vessels possess- 
ing an endothelial lining. 

On the inside of the dura the mesothelium fonns a thin layer 
which is quite resistant to infection. Tlic mesothelium occasionally 
consists of two layers. Usually it is verj’ delicate, particularly in 



6 ANATOMY AND niYSlOLOCY 

adults, so that it is visualized \vith difficulty, even microscopically. 

Whereas in adults the dura can be stripped easily from the 
^auIt of tlie skull, there ore firm attachments between dura and 
sutures and fontanels in the newborn and in children up to 10 
\ ears. At the base of the skull tiie findings differ at various sites 
( Fig. 1 ) . Tlie anterior and posterior surfaces of the petrous hone 
and the temporal squama are covered by dura. At the posterior 
surface of the petrous hone the dura is firmly attached in the 
area of the internal auditory meatus, cochlear aqueduct, suh- 
arcuatc fossa and vestibular aqueduct. The dura covers the 
internal auditory meatus up to the fundus of the canal (Fig. 16, 
p. 39) and enters the cochlear aqueduct to the periosteum of 
the .scala t>mpani. In the newborn the subarcuate fos.sa fonns 
a large cavity in the petrous bone. Tlic roof of the cavity is formed 
by the cminentia arcuata and the cavity itself is filled witli blooil 
vessels and connective tissue deriving from the dura. Later In 
life, bone grows at the opening of the groove and ultimately 
causes an osseous ohlitcration of the groose. However, csen in 
adults, microscopic examination discloses blood vessels and con* 
lU’ctis’e tissue, deriving from the dura, at the site of the subarcu- 
nte fossa. Occasionally tliere is a retroarcuate fossa consist- 
ing of a slit in the bone lateral to the \estibular aqueduct. The 
slit is filled with connective (issue originating from the dura. 
Within the vestibular aqueduct runs the ciKlol}Tnphatic duct 
wliich forms the endoIsTnphatic sac, embedded within the dura 
(Fig. 39, p. 130), Likewise, there is a firm attachment of the 
dura to the superior petroiw sulcus for 1 cm. or more lateral to 
the iiilcnial auditor)- mealus. At several sites on the posterior 
surface of tlie petrous bone the dura is vciy thin, particularly in 
the angle lietween the Literal sinus and the petrosal superior 
sinus. On the anterior surface of the jx?troiis bone the dura forms 
numerous strands of connective tissue and blood vessels which 
extend into the teginon tympani and the foramen lacenim. These 
strands arc more numerous in infants than in adults, they are 
also more numerous when there is livperplaslic imicosa in the 
tjinpanic cavity th.m wlieii the tv-nqianic mucosa is normal. 
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The anatomy of the dura at the apex of the petrous bone U 
of great importance. In textbooks the findings are frequently 
described as follows. The dura of the middle cranial fossa fonns 
a duplication at the apex of the petrous bone, called the cavity 
of Meckel. Within this cavit\ is embedded the crcsccnt-like gas- 



Fh. 2A — Oblifjuc Isonzontaf sfctioii Uirougti apex of tlic petrous Iwnt* (A), 
dorsum seliae (cartil.ijpnoiis), |i>'popH>-su (//), eavemous simis (Sc) and Internal 
r.irotid .artery (C) in tlie newlwn Ff. postenor cranial fossa, Aff, middle craninl 
foss.i, Dji, dura of pnsieruir fiKsi, Dm, «l«im of middle ftlS^a, V, root of trigcniin.il 
nerve anered by on arachookl vlieotU (a), CSf, cavum mccklii, Tb, lia-vilar pkxus 
.iii.utoniiKing witli raiimiHis simis. A<a, anterior ceirbr.il artery, VIj, second 
IvT.vnvli o( tngvininal nervt, *, Waitcbes of symiiatbilie nerve; Afm, liranth of 
nu-vial nicningejl artery. 

serian ganglion which xccrives the three divisions of the trigem- 
inal ner\ c at its convexity and discharges the roots of this nerve 
at its concavity. The entire structure occupies the impressio Iri- 
gcinini. This description is not correct. Tlie impressio trigemini 
harbors the roots of the trigeminal iierx’c, but only the occipital 
polo of the gasserian ganglion. If the petrous apex is .short and 
docs not extend to the gasserian ganglion, the major portion of 
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tlic ganglion lies on tendon-like connective tissue.- This, being a 
part of the dura, extends from the petrous apex to the mesial 
margin of the foramen ovale and separates the internal carotid 
from the gasserian ganglion (Fig. 2, B and C). If the petrous apex 
is long, it advances between the gasserian ganglion and the 
carotid arlerj', separating these stnictures. In either case the 
dtira extends into the carotid canal and forms the periosteum of 
the canal. 

Furthermore, Meckel’s cavity is not formed by a duplication 
of the duia of the middle cranial fossa. Rather, it is an evagina- 
tion of the dura of the posterior cranial fossa under the dura of 
tlie middle cranial fossa. Tlierefore, if the dura of the middle 
cranial fossa is cautiously stripped from Meckel’s cavity, a sac- 
likc diverticulum, originating in the dtira of the posterior fossa, 
makes its appearance. The opening of the diverticulum presents 
the dural slit, allowing the entrance of the trigeminal roots. The 
superior wall of the sac covers the roots of the trigeminal nerve 
and the ganglion; tlic inferior wall is the periosteum of tlie im- 
pressio trigemini and extends into the carotid canal. At the distal 
boundary of the gasserian ganglion the wall of the sac passes 
into tlie cpineitrium of the trigeminal divisions. The dural sac 
separates the roots of the trigeminal nerve and the ganglion from 
both tbe cavernous sinus and the canal of Dorello. There is no 
connection between the cavernous sinus, which is embedded in 
the dura of the middle fossa, and Meckel’s cavity, which con- 
tains a diverticulum of the dura of the posterior fossa (Fig. 2A). 

Relow and mesial to the trigeminus, the abducens nerve 
pierces the dura and enters the canal of Dorello (Fig. 2B), 
which lias the following stniclurc. The sulcus petrosas superior 
comes to an end 4-5 mm. proximal to the apex of the petrous 
bone and is there replaced by a 1>ony process, the Up of which is 
directed toward the posterior clinoid process. This process, called 
the sphenoid spine, is the continnatloii of the posterior lamella of 
the superior petrosal sulcus. The superior petrosal sinus bends 
anteriorly, outward from the sphenoid spine, to nin into the 
cavcnious sinus; it has no contact with the petrous apex. Below 
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llie posterior clinoid process is another small bony process wliich 
turns outward, called tlie accessory process of the posterior 
clinoid (Fig. 2C). Between this process and the sphenoid spine 
runs the petrosplienoid ligament (Fig. 2C), which consists of 
the deepest bundles of the tentorium. Tims a small, appro.xi- 
mately three-sided, space is formed, with the ape.x outward and 
with the base directed inward. Tliroiigh this space, the canal of 
Dorcllo, run the abducens nerve and the inferior petrosal sinus 
(Figs. 2B and 2C). The nerve is covered by an arachnoid sheath 
and is sometimes closer to the lumen of the inferior petrosal sinus, 
sometimes closer to the petrous bone. Occasionally a pacchionian 
tnft enters the canal with the ner\'e and bulges into the inferior 
petrosal sinns. On leaving Dorcllo’s canal the abducens ners'e 
makes a slight bend and enters the cavernous sinns. 

In the area of llie temporal squama there are no firm attach- 
ments between dura and bone in adults; in the newborn and in 
infants the attachment is more firm. 

Ill the region of the nasal cavities the dura is loosely attached 
to the roof of the ethmoid. In the newborn, broad connective 
tissue strands extend into the sphenoid body and connect the 
mneosa of the nasophaiynx with the dura of the planum sphe- 
noidale. When the development of the splienold sinus is com- 
pleted, the connective tissue strands become ossified, but the 
firm attachment between dura and planum sphenoidale per- 
sists even in adults. Likewise, the dura is firmly attached to tlie 
crista galli, around the foramina of the cribriform plate (Fig. 17, 
p. 41) and Uie ethmoid foramina, which open into tlie orbit. 
There is also a finn attachment between dura and clinoid process. 

In front of the crista galli is the foramen caecum (Fig. 5) 
which in adults forms a culdesac and contains a few connective 


+— Fin. 2/1 (aldose).— Setlion lower than lliat In Figure C, giwrian gan- 
glion; Go, OfcipUal pole of gasserian ganglion; D, Dorello’s canal; VI, abducens 
nerve; Sp, slims pfln>i)ii>i inferior; g», sympalltetic ganglion; V'//, first brancli of 
trigeminal nerve; ovsifiealum of splwnold body; Cf, cisterna of gasserian gan- 
glion. Ollier abbreviations as in Figinc 2A. 

Fin. 2C (lielovv).— Section lower Oian llvat in Figure ZB. h, accessory process 
of posterior clinoid, </. petrospbenoid ligament; VI, alxliicens nerve. Other abbre- 
vi.itions as in Figure 2A. 



Pit. 4-rrincipil \cii« of brjl» ami face and their anastnmoics with dural 
siimse^ }, supm-<irliital ^eln, 2, Irniita) diphuc teiii, 3, antennr ethmoid vein, 
/, vein from olfactory l«i!h, S, veins from dura, 6, posterior ethmoid vein, 7, Infni- 
otbiial vein, 8, splieivopalaline vein from n.vsil mucosa to ptet>gvvid plevue; 
9. superficial temporal vein. 10, reie foraimms eivalis, IJ, foramen spmosum, 
12, middle nictunseul vein. 12, svdicnopanctal sUuis; H, veins fruiu tvmimue 
«iv}t>, antrum and mastoid, i5, veins from |>'nipaii[c cavity; W, pelnisqiiaiivmiv 
sinus, ir, vein of Labbe, 18, ophlhalmoitclrosal sinus, 19, middle and iiifenor 
vcrebriil veins, 20. veins from tentorium, 2t, superior petrosal sinus, 22, veti.i 
fossae viibars'u.itae. 23, vena aquaediKtiis veslibuli; 24, veins from tympanic inv* 
it>, 25, vena aiidiliva interna. vena aquaeductiiv csKhleae; 27, picvus b.uil.irls, 
F, ethmoid (After Ntacewen, Turner and Reynolds } 
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tissue strands deriving from the dura. In the newborn and infants 
these connective tisstie strands pass through the foramen caecum 
and serve as an internal periosteum of the bones at the back of 
the nose. 


Sinuses of the Dura Mater 

The sinuses are channels within the dura wliich anastomose 
with each other. The walls consist of firm connective tissue con- 

5tnua mtercavernoaua pest 



taining several capillaries and arterioles. There is some elastic 
tissue but no muscular tissue. Tlie endothelium consists of a 
single layer of fiat cells. Tlie sinuses do not contain valves. Fig- 
ure 3 presents the sinuses in the skull in ts-pical cases, and Figure 
4, the chief anastomoses of the sinuses. This discussion deals only 
with the sinuses which are important to the otolarj ngologist. 

Superior UmgUiuVuuil sinfis.— Tins sinus originates in the 
area of the foramen caecum where the falx cerebri is split into 
two layers which lalcralward gradually pass into the dura of the 
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anterior fossa. Thus the falx forms a tentlike space from which 

rises the superior longitudinal sinus. 

In the newborn the sinus anastomoses with veins of the 
periosteum and perichondrium of the dorsum nasi in the midline 
and with the nasal veins lateral to the midline (Fig. 5A). Later 
m life the frontal sinus separates the two venous systems (Fig. 
5B), and the anastomosis between tlic superior longitudinal 
sinus and the veins of the dorsum nasi becomes obliterated. As 
remnants of the original anastomosis, there are, in adults, small 
veins wliich originate in the mucosa of the frontal septum, per- 
forate the posterior wall of the frontal sinus and drain into the 
superior longitudinal sinus. In infants, and occasionally in adults, 
there is a second anastomosis between the sinus and the nasal 
veit^s. The small \eit\s of the nasal septum and lateral wall of 
the nasal cavity pass through the anterior foramina of the cribri- 
fonn plate witli olfactory fibers to form a venous plexus within 
tlie dura and between dura and bone (Fig. 5A, Fit) which 
anastomoses witli the superior longitudinal sinus. One of lhe.se 
\cins, the \eln of Zuckerkandl, originates in the mucosa of the 
agger nasi, passes through the cribriform plate and anastomoses 
with the venous plexus al>o\e the cribriform plate or with a vein 
at the oibital surface of fire frontal lobe wbicli, in turn, drains 
into the superior longitudinal sinus. Another vein, the anterior 
ethmoid (Fig. 4), originates in the ethmoid area, anastomosc-s 
with tlie superior ophthalmic vein and drains into the venous 
plexus above the cribriform plate. There are also anastomoses 
between the superior longitudinal sinus and small veins of tlic 
dura, fal\ and olfactory bulb and tract 

The superior longitudinal sinus nins backward, immediate^)’ 
below the \ault of tlie skull, in the superior margin of the 
fak It has a triangular lumen, increasing in .size toward the 
torcular. In infants the increase in size is rather abrupt just 
bebind the posterior angle of the anterior fontanel. Within the 
lumen are sercral strands of connective tissue which conceal 
some of tlie openings of tlic superior cerebral veins into the 
sinus. In rare instances the anterior portion of the .sinus presents 
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saclike protnisions which perforate the frontal bone atid form 
compressible tumors in the area of the bridge of the nose, called 
sinus pericranii. 

At the protuberantia occipitalis the sinus anastomoses ssith 
the sinus rectus and the lateral sinus. There is great variability 
in the anastomoses at this site. Usually the superior longitudinal 
sinus drains into the right lateral sinus and anastomoses with 
the left lateral sinus only by a small blood vessel. Some anato- 
mists state that in 50 per coni of specimens the superior loiigi- 
ludinal sums is directly continuous m'th one of the lateral sinuses 
at the torcular. In that case it is continuous with the right 
l.itcral sinus in three of four cases. Several theories (reviewed 
by Woodhall) liave been advanced to explain the tendency of 
the superior longitudinal sinus to anastomose with the right 
rather than with the left lateral sinus. 

Particularly over the central region of the convexity of the 
brain there are irrcgularU formed cavities, called lateral venous 
lacunae (Fig. II), within the dura on both sides of the sinus. 
These lacunae anastomose with the sinus by narrow channels 
and <)cc*asionalU extend up to 3 cm. laterally from both sides 
of the sinus. They arc usually small over the frontal and oc-cipital 
lobes and l.irge over the parietal lobe. They receive blood from 
tbc dura and diploe, where-as the superior cerebral veins usually 
drain into the sinus and not into the lacunae. The superior cere- 
bral scins are frequently united into four main trunks, frontal, 
precentral, postcentral and occipital veins. The frontal veins enter 
the sinus at nearly right angles and the precentral and post- 
central veins rim obliquely forw’ard (Fig. 4). Tliesc veins drain 
tlie superior and mesial aspects of the cerebral hemisphere. The 
prcccntial and postcentral tnmks usually anastomose with the 
middle cerebral and tbc sylvian vein, respectis’cly, which are 
Inbutaries of the cavcnious, superior jsetrosal or lateral sinus. 
Hence the superior longitudinal slims is tlic chief channel drain- 
ing till* superior and mesial surfaces of the cerebral heinispliere. 
In addition, the sinus anastomoses with the external veins of 
the skull through one or two parietal emissaria. 
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Lateral sini/s.—Tliis sinus» consisting of the transverse and 
sigmoid sinuses, runs between two connective tissue layers wiiich 
fuse medially, forming the tentorium cerebelli. At the superior 
angle of the petrous bone the sinus forms the "superior knee” 
and 'passes into the sigmoid sinus, which occupies the sigmoid 
sulcus of the temporal bone (Fig. 3). Near the jugular foramen 


n nt 



Tic.. G ->Vflriatian4 of lateral sinus. Slat, lateral simis, S(>r, superior petrosal 
sinus; Sr, sinus; E. embsamim tnastoideutn. li, fugiular hnlh; .Spi, in- 

ferior pctmsal sinus; T, lugiilar vein. In 1/ and Iff, blood Row's from tlic superior 
longitudinal sinus eilbor into the lateral sinus of ibe nllier side or into a dilated 
oceipital sinus. In V, llie lateral slims forms a divorlKuluin wlntli may extend to 
llie middle cr.inial fossa. In IV and VI, note cxmipcnsatory dilatation of tlic emis- 
sarium mastoidenm. Formations bbc III and VI arc iisnnlly finind on tlie left side 

the sinus narrows, forms the “inferior knee” and passes into the 
jugular bulb. Occasionally venous lacunae arc found lateral to 
the (ranseeisc sinus. There are many variaftons of the lateral 
sinus, particularly on the left side, where it may be ver)' nar- 
row. Comparatively frequent varialioits are shown in Figure 6. 
Tlic following veins drain into the lateral sinus. 

1. Scsoral veins from the diploe. 

2. Veins originating in the tympanic cavity’, the mastoid antniin 
and the mastoid cells and draining particularly into the su- 
perior knee. 
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3. The mastoid vein. This vein originates in the posterior wall 
of the sigmoid sinns, passes through tlic emissariiim nias- 
loideiim and drains into the posterior auricidar, occipital or 
external jugular vein or, occasionally, the intenial jugular 
vein. The emissariuni mastoideum is usually located at* the 
posterior boundary- of the mastoid process about 1.5 cm. be- 
low the superior knee of the sinus and has, as a nile, a diam- 
eter of 0.2-0 5 cm. Fre<]ueutly the cmissarium can be seen 



Pjc. 7.— Ana^wmolic 'em of Lnbb^ (r) and great aitastomoUc 'em <>f Trotml 

(d) li. siipennr longitiidinat b. bicrjl sinus. 

on the x-ray film. In some instances the cmissarium is not 
present; in ollier.s tJiere are two to four emissaria. In chil- 
dren the emissariuni 1ms a rclalivciv large diameter and may 
reach the size of the intenial jugular vein. 

4. The superior and lateral veins of the cerebellum, superior 
and mesial veins of the cerebellum and veins originating on 
the inferior surface of the cerebellum, pons and medulla 
oblongata. 

5. Veins originating in tlic adjacent dura .and tentorium cerc- 
belli. 

f). Veins originating in the occipital lobe and other parts of the 
cerebrum. Of particular importance is the anastomosis of the 
lateral Sinus with the veins of the sylvian fissure, which is 
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acconiplisliccl by the vein of Labbe. Tlie anastomotic vein 
of Labbe (Fig. 7; see also Fig. 19, p. 56) originates in tlic 
upper knee of the lateral sinus and passes over the surface 
of the temporal lobe to the middle cerebral veins, which in 
turn anastomose with Trolard’s vein (Fig. 7). The great an- 
astomotic vein of Trolard originates on tlie lateral surface 
of the cerebral hemisphere or in the superior longitudinal 
.sinus, passes through the sylvian fissuie, pierces the dura at 
the margin of the lesser sphenoid wing and drains into the 
petrosal or the splienoparietal sinus. 

7. Tlie internal auditor)' vein (in rare instances). 

8. Infrerpiently there are venous anastomoses between the an- 
terior wall of tlie bony part of the c.xtenial auditory canal 
and the transverse sinus, between the outer surface of the 
mastoid and the superior knee and between the ophthalmic 
vein and the transverse sinus by means of an ophthalmo- 
petrosal sinus. 

The wall of tlio sinus adjacent to the mastoid cells is com- 
paratively thin in the area of the sinus knees, particularly at the 
inferior knee, and is thicker between the knees. The wall adja- 
cent to the cerebellum has uniform thickness and contains a few 
arterioles and veins. The opposite wall contains a largo number 
of arterioles and diluted veins, which may give the impression 
of cavernous spaces and which drain into the sinus. 

Ill the newborn the sigmoid sulcus is either very shallow 
or absent. The sigmoid sinus is covered by a bony plate about 
5 mm. tliick. Tlie posterior boundary of tlie sinus frequently 
extends to the occipitomastoid suture. In general, the distance 
between the sigmoid sinus and the posterior wall of the external 
auditory can<d in the newlwrn is about 1.5 cm.; the same dis- 
tance in adults, measured at the level of the base of the mastoid 
process, is frequently 3 cm. 

When visualized from the posterior cranial fossa, the sigmoid 
sulcus in adults may be shallow or deep. If shallow, it (nilgcs 
only a little toward the mastoid cells and is distant from both 
the antrum and the cortc.x of the mastoid. If deep, the sinus may 
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extend close to both the cortex and the posterior wall of the 
extcnml auditory canal— anterior position of the sinus. In these 
instances iisuallv the dura of the middle cianial fossa also bulges 
toward the nutstoid antrum. This renders surgical exposure of 
the antniin difficult. The var\ing deptlis of the sigmoid sulcus 
are particularly dependent on (1) the width of the sigmoid sinus, 
(2) the pneumalizution of the mastoid process and (3) the 
form of the skull. Since the superior longitudinal sinus commonly 
drams into the right lateral sinus, the right sigmoid sinus is 
usuall) larger than the left, and for this reason the sigmoid sulcus 
is usuallv deeper on the right side. Furtlicrmorc, the anterior 
position of the sigmoid sinus is more common with diminished 
pneuinatizntion of the mastoid and in bmchyccphalic skulls than 
with normal pneumatization and in dolichocephalic skulls. The 
anterioi position of the sinus can be visualized on the x-ray film. 
Oecasionalh it is even possible to visualize abnormalities of tlic 
lateral sinus on the film. 

}u(iiihr bitlh.— Tim occupies the xenons portion of the jugulai 
foramen, which is separated from the pars nerx-osa by the 
petro-occipital ligament. Tlic extension of the bulb is dependent 
on the xvidth and curxaturc of the sigmoid sinus. If tJie sinus is 
iu ft posterior iwsiliou and the cxirvaturc is not marked, ihc 
sums passes into tlie jugular bulb xx’ithout forming n definite 
bulb If the sinus is in an anterior position and the curx’ature 
is marked, the jugular bulb is large. In such instances the dome, 
of the bull) may extend up to the lex'cl of the roimcl or even 
the osal xvindosv in the tympanic eavily. It max show dehiscences 
toward tlie tympanic caxity, posterior cranial fossa, posterior 
semicircular canal or facial canal. Occasionally the mucosa of 
the txmpanic cavity hnlgc.s thioiigli such a deliisccnce and forms 
a small dixcrlicuhiin Iwtxxccn the lione of the jugular dome and 
the jugular bulb. 

Tlic following seius jxnir iiilo the jugular bulb or into the 
jtigiikir xeiii. 

I. The inferior petrosal shins. 

2 The xeins of tlic cxK'Iilear aqueduct. 
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3. The anterior condyloid veins, ivliich nin in the canal of tlie 
hypoglossal iicr\'c and anastomose with llie spinal plexus on 



Ftc. 8.— (I, longitudinal superior smns. b, (umsme sums, i. struiglit sinus, 
(/, cmissaTiiitn niiutoideiim, c, infenor petrosal sinus, f, superior jiclrosal sinus; 
Rt (‘inissariiini foraminls malts; b, oplitlialmic sent, I, intcrcavenioiis sinus, i, c.is- 
enioiis sinus, k, Ciirotid sinus, m, basilar plesiis t After ZuiVcikandl.) 

the one hand and with the jugular bulb or the internal jngn- 
Lir vein on the other. 

4. The posterior condyloid vein, which usually runs in the con- 
dyloid canal and anastomoses with the vertebral plcxtis and 
deep veins of the neck as well as witli the jugular bulb or 
tlic internal jugular vein, 

Cneeriiott? simis.— This sinus (Figs. 2, 3, 8-10) differs front 
the others in two respects: the lumen is crossed by strands of 
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co!\uective tissue which are tluckcr iti children than in adults, 
and the sinus contains tljc internal carotid artery and several 
cranial nerv'cs. So far as the nerves are concerned (Figs. 2 and 
9), the oculomotor and trochlear ncrs'cs nin close to the dura 
in the upper and lateral conrer of the sinus; the first, or ophlhal* 



Fic Q — Cr()9S>$ection through ca^cmlnl$ siiiuv. a, sphenoid Ixxlyt b, intm.il 
t-amlid attcr>, c, Iiypophysis, </, covernou* sinus; c, oculomotor nctvcj f, tntchlpar 
ncnci g, ophthalmic ner\e; h, ahducens nmo, f, cU'ernoos gimis, i, m-islll iry 
umc. (After Ckinung ) 

mic, division of the trigeminus slightly helow the trochlcav nerve, 
and the seconcl, or maxillary, division of the trigeminus below 
ami lateral to this. The nervns nbcUicens is close to the lateral 
wall of the carotid and sqKiratcd from it by connective tissue, 
helwcen the hundles of the second division of the trigeminus 
is much connective tissue, causing marked scattering of the ncrv’c 
bundles. S)Tnpathetic ganglions are close to the ophthalmic 
nerve. Amyclinic nerve fibers pass with arterioles from the gan* 
glions to the sympathetic plexus which surrounds the carotid 
artciy. 

The cavernous sinuses anastomose with each other by veins, 
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called i/nus intcrcavernosns, which nin archlike anteriorly and 
posteriorly to the sella tnrcica within the diaphragm of the 
sella (Fig. 8). Furthermore, small veins at the inferior surface 
of the hypophysis anastomose with both cavernous sinuses. 



■ of foramen ovale, /, cavernous sinus, g, cav- 
ity for internal earned artery; h, opIiUialmic vein (After Iloclistettcr.) 


The cavernous sinus anastomoses with the following veins 
(Fig, 4). 

1. Tlie sinus sphenoparietalis, which communicates with the 
middle meningeal veins and is situated in the dura on the 
under surface of the lesser sving of the sphenoid hone. 

2. The superior ophthalmic vein, which drains into the anterior 
portion of the sinus. Since the inferior ophthalmic vein, whtcfi 
anastomoses with the pterygoid plexus and the anterior 
facial vein, pours into the superior ophthalmic vein, there is 
considerable -anastomosis between Uic cavernous sinus and 
the \eins of the face and neck- The ophthabnic veins Jack 
valves, and for this reason a blood flow in either directioji 
is possible in the.se veins. 
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3. Tlie central vein of tlie retina, which frequently drains into 
the superior ophtlialniic vein. 

4. Veins originating in the imicosa of llie sphenoid and passing 
ihrougli the sphenoid hone. 

5. The basilar plexus, which lies on tlie clivus and pours into tlie 
posterior portion of the sinus. 

C. Veins which pierce the foramen lacenim, anastomose with 
the veins of the pterx'goid plexus and drain into tlic posterior 
portion of the cavernous sinus. 

7 \'cins which run through the foramen ovale and create a 
communication between the pterj’goid venous plexus and 
the cavenious sinus. 

8. Middle meningeal veins. 

9. Veins which pass through the vesalian foramen and join the 
pterygoid venous plexus. 

10. Middle cerebral veins, which drain the hlood from the inferior 
.surfac'e of the frontal and temporal lohe and from the posterior 
horizontal hmh and the stem of the lateral fissure of Sylvius. 

11. ^'e^ns of the tentorium cercbelli. 

12 Sinus caroticus (carotid sinus. Fig. 8 and Fig. 55, p. 222), 
which shows essentially the same structure as the cavernous 
sinus and must be considered a contimtalion of tlie cavernous 
sinus posteriorly and Interiorly. The carotid sinus encircles 
the ascending and horizontal portion of the internal carotid 
in the temporal bone. Tlie venous spaces which freely anas- 
tomose with the veins of the marrow of the apex of the petrous 
bone are embedded in firm connective tissue. Also in the 
carotid sinus is the nervus caroticus, which originates from 
the ganglion ceridcalc siipremum. Entering the caiolid .sinus, 
the nerx’C divides into an anterior and a posterior branch. 
At the knee of the carotid arterx' both branches form a nerv- 
ous plexus which accompanies tlie artery to the cavernous 
sinus, lliere arc sex’eral sympathetic ganglions withiiv the 
carotid sinus. Toward the internal jugular vein the sinus 
fonns a venous plexus whidi ultimately drains into the 
internal jugular' vein. 
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Between the lateral sinus and jugular bulb and the cavenious 
sinus are two sinuses: the sinus petrosus supeiior, and the sinus 
petrosus inferior. The superior petrosal sinus (Fig. 8) carries the 
blood from the cavernous sinus to the lateral sinus. It is embedded* 
in the insertion of the tentorium at the superior angle of the 
petrous bone and runs back from the posterior end of the caver- 
nous sinus to the upper knee of the lateral sinus, crossing the 
gasserian ganglion either from above or from below. Into the 
superior petrosal sinus drain the following veins. 

1. The vein of the vestibular aqueduct. 

2. Veins originating in the mucosa of the tjTUpanic cavitv and 
running through the petrosquamosal sutitre. 

3. Veins originating in the periosteal layer of the bony capsule 
of the internal ear. 

4. Veins anastomosing with the middle meningeal veins. 

5. Occasionally the vein of the subarcualc fossa. 

6. Occasionally a vein anastomosing with the inferior petrosal 
sinus. 

7. Occasionally the vein of Labb6. 

8. The petrosal vein, which carries the blood from the cerebel- 
lum. 

9. The sinus ophthalmopelrosus (also called vein of Keick), 
which nms between the ophthalmic vein and the superior 
petrosal sinus or lateral sinus. It is often embedded in a fold of 
tlie dura. It originates in the outer angle of the superior orljital 
fissure and runs along the anterior surface of the petrous bone 
toward the petrosal .sinus. In some instances the sinus con- 
sists simply of a vein embedded in the dura. It carries the 
blood from the ophthalmic vein to the sigmoid sinus. 
Inferior petrosal sinus.— This sinus (Figs. 2 and 8) is usually 

larger than the superior petrosal. It arises from the posterior end 
of the cavernous sinus and passes back to the jugular foramen 
between the lower angle of the petrous bone and the adjacent 
border of the basilar portion of the orxripital bone. It drains into 
the internal jugular vein or the inferior portion of the jugular 
bulb. Tlic following veins drain into the inferior petrosal sinus. 
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1. The \ ein of the cochlear aqueduct, which is the principal \ cin 
of the internal ear. 

2. Occasionally the ^•ein of the subarcuate fossa. 

3. Occasionally the vein of the vestibular aqueduct. ^ 

4. Frequentlj- the internal auditory' vein. 

5. Branches from the basilar plexus. 

G. Branches of the vertebral plexus running through the hypo- 
glossal canal. 

Si'nt/s petrosquamosus.—To understand the anatomy of tliis 
sinus, a few cmbryologie findings must be recalled. In the early 
cmbryologic period, blood escapes from the skull through the 
primary head vein and the vertebral veins. Later the venous 
blood is carried tlirough the sinus petrosquamosus which, at llie 
zygomatic process of the temporal bone, passes through the skull 
and anastomoses with the external jugular vein. In the final 
cmbryologic phase, or in the first year of poslfetal life, the sinus 
petrosquamosus becomes oblitcratetl and tlic venous blootl is 
carried througb the lateral sinus and internal jugular vein. How- 
es er, the sinus petrosquamosus sometimes persists cither entirely 
or partially, In such cases there often arc venules nmning from 
the middle cranial fossa toward the upper kmec of the lateral 
sinus, or tlicre is an actual sinus petrosquamosus originating from 
the upper knee. In these instances the sinus rtins within the 
sulcus petrosquamosus of the legmen tynipani and leaves the 
skmll through a foramen jugularc spurium, which may he found 
in the glenoid fossa of the mandible, the malar process of the 
temporal bone or the glascrian fissure. In some instances the 
sinus petrosquamosus drains into the middle meningeal veins, 
leaving the skull through the foramen spinosum. Several veins 
originating in the mucosa of the tympanic cavity drain into the 
sinus. Tliese \eins are particularly numerous in children. 

Blood circulation.— Wliercas in other organs expansion ami 
contraction lake place according to the phase of activity’, the 
central nerxous system is enclosed in a rigid box (sbill and 
vcrlehral column) xvhich does not allow volume changes of its 
contents. Tlie Monro-Kcllie doctriue chiphasizes that the bony 
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containers protect the central nervous system from all external 
pressure and leave it subject only to internal pressures brought 
to it through the blood stream or created by the activities of its 
cells. The strongest argument in favor of this thesis is the fact 
that in animals it is possible to create negative pressures of 
extreme degrees within the cranial cavity, e.g., by intrav'enous 
injection of strongly hj’pertonic solutions. If the central nerv- 
ous system were not contained in a rigid box, the walls of the 
container vv'ould yield to the negative pressure and collapse 
and so restore the positive pressure within the cranial cavity. 
However, certain observations do not entirely support tlie Monro- 
Kellic doctrine. First, the skull of newborn and infants cannot 
be considered rigid, although negative pressures may occur in 
the cranial cavity of infants. Furthermore, with the skull intact 
and intracranial pressure witliin physiologic limits, tlic flow in 
the meningeal veins is steady, not pulsatile. Were Uie skull a 
rigid box, for cv'cry cubic centimeter of blood driven into the 
cranium, simultaneously with each heart beat an equal quantity 
would have to be driven out by way of the veins, because no 
increase in total volume within the rigid box would be possible. 
The flow throughout the system would be pulsatile. Likewise, 
a negative pressure, noted in the cranium wlien the upright posi- 
tion is assumed, could not occur if the central nervous system wore 
enclosed in a truly rigid container. 

For those and other reasons the bony containers of tlie cen- 
tral nervous system must be considered not as a strictly rigid 
box but as a chamber with rigid walls and expansile window's 
which arc plastic enough to permit phy^ologic variatiojjs in tJie 
amount of cerebral blood. Tlicse modifications are brought about 
by the clastic membranes at the base of the skull and in the verte- 
bral column, which yield to increased pressure; hy the cranial 
nerves, which are somewhat movable at tlieir exits; by the venous 
plcxvises in the vertebral column, which are compressible, and 
by the cerebrospinal fluid, which can be displaced into the verte- 
bral column. Despite these adjustments, the total contents of the 
cranium arc, within physiologic limits, approximately erjnal. 
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\'iiriations in any one of the three elements— brain, blood and 
cerebrospinal fluid— cause immediately reciprocal variations in 
one or botli of the remaining elements. 

The most variable element in the cranial cavity is the blood. 
It enters the brain through the large arteries. The normal arterial 
pu'ssure is 1,500-1,600 mm of water (120 mm. Hg) systolic 
and 1.100 mm. of water {80 mm. llg) diastolic. Therefore the 
pulse pressure is approximately 500 mm. of water (40 mm. Hg). 
In tlie capillaries the pressure drops to 163 or 170 mm. of water, 
and the pressure in the veins averages 150 mm. of water 
( 10 inm. Ilg). This striking drop in pressure occurs chiefly in the 
arterioles. Tlic arterial pulse is transmitted to the arterioles but 
is lost m the capillaries, in which the pressure is in closer rela- 
tion to the venous than to theaiterial pressure. Although a change 
of 500 nun. of water in arterial pressure does not cause a strik- 
ing change in capilkirv and venous pressure, a variation of 
10 mm of water in venous pressure changes capillary pressure 
m the same direction to almost the same degree. Tltc range 
between intracranial arterial and venous pressures regulates the 
rate of blood flow. Increase in arterial pressure causes cliicfly 
an increased rate of blood How and on\v a slight temporary rise 
in eercbial venous pressure. 

Since the arterioles arc the point of greatest resistance to 
blood flow, the degree of contraction or dilatation of tbe.se vessels 
legulates the intracranial arterial pressure as well as tlic capil- 
larv pressure, the two pressures being influenced in diametrically 
opposite directions. If the arleriole.s dilate, thus decreasing the 
resistance to blond flow, the arterial pressure must fall; but the 
capillar) and venous pressure will rise, since the arterial pressure 
is now more directly tisinsmitted to the capillaries and veins 
through the dilated arterioles. If the arterioles contract, thus 
incTcasiug the resistance to blood flow, the arterial pressure will 
rise and the capillaiy and venous pressures will fall. Tlie changes 
in the caliber of the arterioles depend not onU on the systemic 
arterial pressure hut also on the function of the vasomotor nerves, 
which constitute the intrinsic va.somotor mechanism of the 
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brain and are independent of the systemic arterial pressure 
Althougb changes in intracranial arteiial pressure do not in- 
lluence materially the venous intracranial pressure, the latter is 
dependent on tlie systemic venous pressure, postural changes, 
cerebrospinal iluid pressure and aspirating force of the -right 
side of the heart and thorax. Among these factors, the systemic 
venous pressure is apparently of minor importance. Postural 
changes cause the same alteration in cerebial venous pressure 
as in cerebrospinal fluid pressure (p. 46); however, the magni- 
tude of the first exceeds that of the second. Alterations in pres- 
sure of the cerebrospinal fluid cause, within physiologic limits, 
variations in tlie intracranial venous pressure of lesser extent but 
in the same direction. Under normal conditions the pressure in the 
cerebral and meningeal veins is practically the same as that 
of the cerebrospinal fluid. Otherwise the veins would be com- 
pressed by the cerebrospinal fluid pressure. The pressure of the 
cerebrospinal fl(ji<l is normally from 5 to 50 mm. of W’afer above 
the prcssuie in the longitudinal sinus. In human beings the 
cerebrospinal fluid pressure is also higher than the pressure 
in tlie jugular vein. Nevertheless a compression of the sinuses is 
.scarcely possible -under normal circumstances, althougli the si- 
nusc.s arc compressible and distensible. However, compressibility 
is limited. First, the walls of the sinuses are comparatively thick, 
and a force of low degree will neither compress nor distend 
them. Furtliermore, the sinuses are compressible only when they 
are not adherent to the bone. The deeper the sinuses are em- 
bedded in bone, the less compressible and distensible they are. 
Obviously the compre.ssibilily and distensibility of the sinuses 
are increased if the bone to which the sinus is adherent is re- 
moved. 

Of great importance is the aspirating force of the chest. This 
foicc acts especially on those venous channels w’hicli are closest 
to the heart, namely, the jugular vein and the sigmoid sinus. If 
tlie variations in intrathoracic pressure were to act to the full 
extent on the sigmoid sinus, there would be a considerable dis- 
turbance in the cerebral blood circulation and in the nonnal 
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acliv'ity of the brain. Tliereforc the effect of the aspirating force 
on the sigmoid sinus must be attenuated. TJiis purpose is acliievcd 
\>y the cuiA'cd course of the sigmoid sinus, the nanow osseous 
dimension of the exit of the jugular fossa, the level of the outlet 
of the jugular fossa, which is obliquely forward while the course 
of the jugular \’ein bes’ond is obliquely downward, and the 
shape of the jugidar bulb itself. All of these anatomic character- 
istics arc variable, particularly tlie shape of the jugular hull). 
If the jugular bulb forms a high dome, only a small amount of 
the aspirating force will act on the sinns, the greater part being 
lost in the jugular bulb. Consajiiently, if the jugular bulb is 
shallow, a greater amount of the aspirating force will influence 
the sinus. However, since the shape of the jugular bulb is not 
the sole protection for the sigmoid sinus against the aspirating 
force of the chest, the negative pressure in the sigmoid sinus 
(luring inspiration is altemialed in all circumstances. For this rea- 
son, air embolism following injuries of the sinus is e.xtrcmely rare, 

ViA-AnACiiNoiD (Lettome-vinjc) 

Tlic pia-aract\noid is a membrane consisting chiefly of con- 
nective tissue, Tilt* separation of pin and arachnoid is artificial. 
Nevertlieless, from a jiraclical point of view, the separation is 
useful. 

The arachnoid has two layers. The external layer consists of 
delicate connective tissue, is covered by a low mcsothelium and 
docs not contain ucr\-es or blood vessels. The internal layer is 
connected inlermiltenlly with the pia. Most of the pia-arachnoid 
is not sensitive to pain. Between the two layers of the arachnoid 
is a nelworh of connective tissue which frequently fonns fine 
membranes covered by mcsothelium. Occasionally several trabec- 
ulae of connective tissue grow together and fonn cystlihe cavities. 
Numerous blood v csscls run between the connective tissue strands 
and membranes. These blood vessels, which seldom have a dis- 
tinct adventitia, arc suspended by the fibers of the network or 
are adjacent and adlierent to the membranes. 

The external layer fccquewtiy presents cell clusters, pioliahh' 
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often present both cell clusters of the arachnoid and cerebral 
herniations. Cerebral liemiations arc noted especially in instances 
of long-standing increased brain pressure, although they base 
been discovered at tlie base of the skull when autopsy did not 
re\eal any cause of increased pressure- Some wTilers attribute 
these “ph)siologic lieniialions of the brain” to a congenital leplo- 
incningeal defect and others to transitory periods of increased 
intracranial pressure. 

Figure 12 indicates that the arachnoid cell clusters occur par- 
ticularly at the cribriform plate, in the area of the euslachian 
tube and the tegmen t)’mpani and occasionally on tlie posterior 
surface of the petrous bone and close to the lateral sinus. In the 
temporal bone, there is microscopic evidence that at the same 
sites where the cell clusters are found, cerebral herniatioils fre- 
quently occur. That is particularly Inie for the tegmen tympani. 
There arc cases on record in wlilch cerebral herniations bulged 
deep into the tsmpanic cavity, filling a large part of the epitjm* 
pamim and being covered by a tliickcned mucous membrane 
of tlie tjTnpanic cavity. In the cribrifonn plate, whetlicr cerebral 
herniations and arachnoid vilU are as common as acachuoid cell 
clusters remains to be shown. In some instances, idiopathic cere- 
brospinal rhinorrhoa and liquorrhea subsequent to intranasal 
surgerv may perhaps be due to mptvirc of arachnoid villi in the 
area of the cribriform plate. 

Ce;)/mfoceIes.— Although in the ear the arachnoid villi and 
cerebral herniations are, as a rule, of minute size and apparenth’ 
do not occur in infants, they occasionally attain the size of a 
lumor in the nasal cavity. These tumors, whicli are congenital in 
origin, are called ceplialoceles. They bulge into the nasal cav it)’ 
or the cpipharjijx and consist of protruded meninges only, of 
brain substance only or of brain substance phis meninges. They 
may or may not communicate witli the dilated anterior hont of 
the lateral ventricle, vvilli the third ventricle or with the ntdi- 
inenlary ventricle of tlie olfactory' bulb. Embryologic investiga- 
tions have proved tliat ceplialoccles are the primary fonnations 
which arc surrounded secondarily by bone at their entrance into 
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the nasal ca\'ity or the cpipharynx. According to their contents, 
cephalocclcs arc called cnceplialoccles, enccpbalocystocelcs, 
encephaloc) stomeningoccles or mcnmgoceles. Other congenital 
defonnitles of the skull or hraiii are frequently associated with 
ccplmloceles. From the point of view of the otolarj'ngologist, the 
distinction between intranasal and extranasal cepbaloceles is 
important. 

Among cAtranasal cephaloccles, the following types are recog- 
nized. (1) The nasofrontal cephalocele, which protnides be- 
tween the frontal and nasal bones, lies on the outside of tlie 
nasal hones and has no communication with the inside ^of the 
nose. (2) The naso-elhmokl cephalocele, which protnides 
through the foramen caecum, extends beneath the nasal bones 
and is separated from the inside of the nose by the ethmoid 
process of tlie frontal bone. (3) The naso*orbitaI cephalocele, 
wliich protrudes through the most anterior part of the cribriform 
plate and through a defect of the mesial wall of the orbit, pushes 
the lateral nasal wall toward the nasal septum and enters the 
orbit. 

Among the intranasal cepbaloceles, tlie following types are 
recognized (Fig. 13). (1) The transethmoid cephalocele pro- 
tnides through a defect in the cribriform plate and bulges into 
the superior nasal mcalus, simulating a nasal polyp. (2) The 
spheno-ethmoid cephalocele protrudes between ethmoid and 
sphenoid and c.xtcnds particularly into the epiphaiyruc. (3) Tlie 
trans-sphenoid ceplialoccle protnides through a patent cranio- 
phaiyngeal canal into the phaiynx, occasionally simulating ade- 
noids. 

Among tlie cepbaloceles, the transethmoid are most common 
and have most practical importance. Tlie patients frequenth 
present a widening of the bridge of Uio nose and an increase of 
distance between the eyes, and they complain of headaclie, 
blocked nose and persistent liquorrhea after niptnrc of the 
cephalocele. Rhinoscopic examination reveals what seems to be 
a nasal polyp in the superior or the middle nasal meatus lateral 
to the anterior end of the middle turbinate. The cephalocele may 
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push the nasal septum to the other side and may be attached 
to the nasal mucosa by adhesions. Since the cephalocele almost 
never shows pulsating movements, proper diagnosis presents con- 
siderable difficult)'. In infants nasal polyps are always suggestive 



Fic. 13.— Sites of ccplialocclfs: 1, iiasi>-ethmoid, 2, transctliTnuid, 3, splieno- 
ttlimoid; 4, trans-sphcnoid a, ciibnform plate; b, fmntal sinus; c, splicnnid sinus; 
ff, optic foramen; e, superior orbital fissure; /, sidian canal; g, pter^'goid process; 
b, foramen ovale; I, foramen lacerum; k, ctlimoid; i, foramen spinosum; A, inscr- 
(fnii of pliaryiigeal wall at base of skull. 

of foreign bodies, malignant tumors or cephaloceles. Simple 
nasal pol)’ps arc rare in infants. In adults, liquorrhea may facili- 
tate the diagnosis. If the correct diagnosis is made by means of 
clinical and x-ray examination, plastic closure of the defect in 
the cribriform plate should be given a trial. 

Pin tiiflfer.— This is a membrane consisting of connective tis- 



36 


ANATOMY AND PHYSIOLOGY 


sue which is inseparably grown together with the internal Ia)cr 
of the arachnoid. The pia contains numerous blood vessels and 
nerves. Tlie blood vessels anastomose with llic blood vessels of 
the brain (p. 81) and with the internal network of the dura 
(p. 3). Where an anastomosing blood ^essel originating from 



Tic J4 — E^U-rnal and internal cerebrospinal fluid spaces, a, pacchionian 
IhxIios, n. dura, S, sulxlural space; SA. stibaraclmoid space, P, pia, S/, ineni- 
brana glue Inmtans, II, glia la>«of Held, A, artefact, E, cpcnd>ma. PI, epithelium 
nf choroid plexus. A', arachnoUl, Ac, cbomid artery, FM, foramen of M.igcndle; 
V, \entncle, TS, stroma of clionnd plexus (Adapted from Spatz ) 


the veins of the pia approaches the dura, the arachnoid bulges 
toward the dura and forms a sheath around the blood vessel. 
Where the blood vessel enters the dura, the arachnoid biscs with 
the connective tissue of the dura, and the mesothelium of the 
arachnoid joins the mesothelium of the dura. Tlie nerves of the 
pia cither nm together svilh the blood vessels or are indepeml- 
fiit of the blood vessels. Tliey arise from the sjTnpathelic nerves 
accompanying the c-arolid and vertebral arteries and from cranial 
nerx'cs. 
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ISTEnMEXINCEAL SPACES 

Between dura and arachnoid is a potential space, the si/h- 
diiral space, hounded on both sides by mesothelium (Fig. 14). 
The space is crossed by blood vessels, nen'es, arachnoid villi and 



Ctetema cercbtllo-inc<lutl,irt3 


Fu.. 15.— VbntMcli's of the brain and tlic subarachnoid spaces Arro\v$ indicate 
till* nimcmcnt of ccrebroNpioal ntiid i and II, lateral ventricles, III, thml veil* 
Irkle; IV, finirtli venlrklc. (AfUr Dandy ) 

the infundibulum of the third ventricle, which penetrates the 
diaphragm of the sella turcica. Tliere is no open communic“ation 
between the subdural space and the subarachnoid space or be- 
tween the subdural space and the ventricles. The subdural space 
has no efferent vessels and contains only a small amount of fluid. 
If the dura is incised witliout injur)' to the arachnoid, only a few 
drops of fluid escape under normal circumstances. 

Between the two layers of the arachnoid is the subarachnoid 
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space (Fig. 14). Especially at the base of the brain, this space 
forms large cavities, called the arachnoid cisternae, which ex- 
hibit considerable variability of their extension. Tl^ey constitute 
a fluid cushion between brain and bone. In fact, the onl)' parts 
of the base of the brain which rest directly on bone arc those in 
contact with the orbital plates of the frontal bone and those im- 
pinging on the lesser wings of the sphenoid. The following 
cisternae are important to the otolaryngologist (Fig. 15). 

1. Cistema ccrebcllomcdullaris, or cistema magna. Tins 
communicates with the subarachnoid space of the spinal cord 
backward and xnth the cistema pontis forward. It is bounded 
by the e.xtemal layer of the pia-arachnold, which extends from 
the dorsal surface of the medulla oblongata to the posterior sur- 
face of tlie cerebellum. Tlie cistema is adjacent forxvard to the 
medulla oblongata and backward to the dura beneatli the allanto- 
occipital membrane (Fig. 20, p. 64). The diameter of the 
cistema varies considerably. Tl>e ma.vunal depth varies between 
1.5 and 2 cm. and the maximal width between 5 and 6 cm. As a 
rule, the cistema consists of one single space which communi- 
cates witli the fourth ventricle through the foramen of Magendie 
and foramina of Luschka; occasionally the space is crossed by 
strands of connective tissue. The cistema magna can bo tapped 
by occipital puncture (Fig. 20). 

2. Cistema pontis (Fig. 16, sec also Fig. 61, p. 284). This 
is frcrjuently divided into a cistema pontis media and two cis- 
teniae pontis laterales, although llic separation is rarely distinct. 
The cistema contains the basilar artery and trigeminal, ab- 
ducens, facial, acoustic, glossophaiyngcal and vagus nerv’es and 
communicates xvith the cislcmac in front of the pons. The cis- 
tema pontis lateralis is close to the petrous bone, extending 
from tlic apex toward tlie posterior surface of the petrous hone, 
xvlierc the internal aucliloiy* meatus and cochlear aqueduct drain 
into the cistema. 

It is possible to reach the cistema from the mastoid process 
if the dura is carefully lifted from the posterior surface of the 
petrous bone. If tins procedure is performed 3-5 mm. below the 
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superior angle of the petrous bone, one can tap the cistema with- 
out injuring the lab)Tinth or the endoUmphatic sac. There arc 
cases on record in which a cistema pontis lateralis extended 
close to the lateral sinus. In such instances an incision of the 



dura of the posterior fossa mesial to the lateral sinus mieht 
strilce the cistema, causing a flow of cerebrospinal fluid. Ocra 
sionally tlie dura in the angle between the lateral sinus and th' 
superior petrosal sinus is bulged toward the mastoid cavity ouine 
to an enlarged cistema. Since the dura is always thin at that 
point, injury of the dura and the cistema beneath it mav occur 
in the course of n mastoid operation. 

3. Cistema of the gasserian gangUon. This is located within 
Meckel's cavity (Fig. 2). As was mentioned previously, the root 
of the trigeminal nerve and tlie gasserian ganglion occupy a 
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cli\erliculutn of tlie dura of the posterior cranial fossa. Both tlic 
root of the nerAe and the concave surface of the ganglion arc 
covered by one or tw’O layers of flat cells which provide a sheath 
for the nerve and originate from the pia-arachnoid of the brain. 
Numerous spotlihc accumulations of arachnoid cells and cal- 
careous bodies, frequently note<l in the cerebral arachnoid, 
accompany the root of the trigeminal nerve in adults. Between 
the bundles of the root is ample space, particvtlarly within the 
concavity of the ganglion, filletl with cerebrospinal fluid. Since 
the space communicates along the root of the trigeminus with 
the pontile cisternac, it must be considered an arachnoid cistema 
within the cavity of Meckel. For this reason, an infection in 
the cavity of Meckel must be looked upon as localized mcnin- 
gilis (Fig. 62, p. 283). 

4. Cistenui of the cluasina. This Is located beneath uiul in 
front of the optic chiasma in the angle fonned by the divergent 
optic nerves. In pathologic circumstances the cistema may he 
distended and exert strong pressure on the optic ners'cs. The 
cistema communicates fonvard with the cistema laminae cincrcac 
tennlnalis, wliich c.\tends upward to the corpus callosum. In 
instances of a very large sphenoid sinus tl)ere is only a thin layer 
of hone between the cistema and the sphenoid sinus. 

The absolute capacity of the inlcrmcningcal spaces and also 
their capacity in relation to that of the skull is considerably 
smaller in the newborn titan in adults. In the nesvbom the brain 
occupies Qia per cent of the \oluinc of the skull and the inter- 
meningeal spaces only 2S per cent At the end of puberty the 
brain occupies only 92J- per cent of the s’olutnc of the .skull and 
7Js per cent of the skull volume is available for the intemicnlngcal 
spaces. For this reason, only a sliglit swelling of the infant brain 
will push the brain towarti the hones of the skull and cause 
cerebral sjanptoms. 

Both the stdtarachiioid and the stibdural space extend into 
the internal car and nasal cavity and. indirectly, into the brain. 
In that respect the following anatomic findings arc Important. 

1. Cochlear aqueduct. In Itolh children and adults the inter- 
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meningeal spaces extend deep into the cochlear aqueduct. Tlie 
extension of both spaces within the aqueduct varies from case 
to case; frequently the connective tissue of the subarachnoid 
space extends up to the .scala t)'mpani of the vestibular portion 
of the cochlea where it blends with tlie periosteum of the scala. 
Although from the anatomic point of view the coclilear aqueduct 
furnishes a free communication between the perilymph of the 
internal ear and the cerebrospinal fluid of the subaracimoid 



Fir. 17.-Sflgit<nI section tliroiigit olfactory bulb <B) and cribriform plate (L). 
r, pia; A, amcliiioid; O, dura, T, olfactory* tract, SA, snharacbnoiJ spac?, SD, siib* 
diirat space; P, periosteum of cribrifonn plate, O, olfactory fibers, Te, feiitorfum 
of olfactory bulb. 

space, in adults the channel is apparently too narrow to encour- 
age a liberal mingling of tlie two fluids. However, tlie channel 
docs permit invasion of bacteria and leukocytes from tlie sub- 
arachnoid space into the internal car, as occurs in epidemic 
cerebrospinal meningitis. 

2. Internal auditory meatus (Fig. 16). Tlie intermeningcal 
spaces extend into the internal auditory meatus. The auditory 
nerve within tlie meatus is surrounded by an arachnoid sheath 
which, at the fundus of the meatus, blends with the dural peri- 
osteum of tlie cljannel. WJierc the nerve enters the cavity of the 
skull the arachnoid sheath blends with the external layer of the 
arachnoid of the cislema pontis, and the ner\'e runs tlirougli the 
cistema ponds toward the medulla oblongata. 

3. Lamina cribrosa. The intermeningeal spaces accompany'- 
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iiig the bundles of the olfactotj’ nen’c extend into the olfactor)' 
membrane of the nasal cavity (Fig. 17). Tlie current of spinal 
fluid along the olfactor)' filaments is thought to be centrifugal. 
Next to the meningeal sheaths of the olfactory iiers'e is a network 
of lymph capillaries in the olfactory area of the nose which, in 
the newborn and infants, is believed to be in communication 
w'ith the subarachnoid .space. The communication is provided by 
small canalicuU which pass through Uie foramina of the cribri- 
form plate with the filaments of the olfactory ncrs'c. The net- 
work of l)Tnph capillaries has no communication with the lym- 
phatics of the respiratory part of the nose, because the latter 
run back toward the cpiphar^mx and drain into the lymph nodes 
of the pliar)7».v and neck. Whether the lymph-capillai)’ network 
of the olfactory area in adults communicates svith the subarach- 
noid space is questioned by many investigators. I have noted, in 
adults, I)Tnpbatics running In tlie mucosa of tlie lateral wall of 
tlie nose from the olfactory area up to Uie cribriform plate. 
However, it was not possible to trace these l)7nphatics to the 
subarachnoid space. 

4. Cerebral blood vessels. The cerebral blood vessels pierce 
tlie dura and arachnoid and e.\tend to the pia (Fig. 14). If they 
extend into tlie brain they force the pia ahead, the pia forming 
a fimnel-Iike opening toward the subarachnoid space. Along the 
blood vessels the pia is firmly attached to the superficial glia of 
the brain, called the membrana Jimitans gliae. There is no space 
between the pia and the superficial glia. However, between the 
pia and the wall of the blood vessel in normal circumstances 
there is a potential space, called the space of Virchow-Robin. 
With the decrease in caliber of the blood vessel the width of 
the space of Vircliow-Robin decreases, and around tlie capil- 
hwies the space is poorly developed or absent. Within the space 
of Vircliow-Robin is a loose network of connective tissue anas- 
tomosing with the connective tissue of the pia-araclmoid. 

It is assumed that in the area of the cerebral blood vessels 
there is a hemato-encephalic barrier which permits certain con- 
tents of the blood to pass into the brain while other contents arc 
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retained. Blood contents which pass it are aniline dyes, toxins, 
viruses, antibodies and drugs, c.g., sulfonamides and urotropin; 
contents which arc retained include tetanus and diphtheria toxin 
and penicillin. TJjere is no unanimity concerning tlie exact local- 
ization and function of the barrier. Nor is it definitely deter- 
mined that this is the only barrier in the brain. Some investi- 
gators claim that there is not only a barrier between blood and 
cerebrospinal fluid but likewise one between cerebrospinal 
fluid and brain. Still othcre do not consider the term “barrier” 
entirely adequate because the problem is only a part of the more 
general problem of capillary permeability. To the otolarjmgolo- 
gist it is noteworthy that in the newborn and infants tlie barrier 
between blood and brain is more permeable tlian it is in adults 
and that acute infections of the meninges render the barrier more 
permeable. The latter fact encourages conservatism in treatment 
of meningitis and also explains why, in patients witli a positive 
•Wassermann reaction of the blood, the Wassennann reaction of 
the cerebrospinal fluid may become positive if there is meningitis. 

CenEnnospiNAL Fluid 

Present knowledge of the processes of the cerebrospinal fluid 
is inadequate in many respects, particularly regarding strictly 
physiologic conditions In man. A great deal of work has been 
done on animals. However, because the dynamics in the skull 
differ in man and the other mammals and because tlie prepara- 
tion of the experiment usually creates circumstances which 
alter the strictly physiologic conditions, it is only with great 
caution tliat conclusions drawn from animal experiments can be 
applied to man. 

Sources of ccrehrospiuaJ Tlie conception that cere- 

brospinal fluid is produced principally by the intraventricular 
choroid plexuses is based not on any single conclusive piece of 
evidence but on a number of suggestive data. When considered 
from all standpoints, the h^qiothesis seems well established. 
W'hethcr the eperrdyrna of tlie ventricles, the hlood vessels of 
the meninges and the hmin tissue share in Oie production of 
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ihc human cerebrospinal Quid under normal circumstances 
cannot be stated. The evidence indicates tliat there is a constant 
formation of cerebrospinal fluid under physiologic conditions. 
The total amount in the c“erel>ral ventricles and around tlie 
nervous system in adults is 100-150 cc. Accepting the premise 
that the choroid pic.xuses are the principal elaborators of cere- 
brospinal fluid, tire question arises whether the fluid is a trv»c 
secretion or a dialysate. The present, althougli by no means 
unanimous, opinion seems to favor the dialysate iheorj’. In that 
case the rate of formation will be encouraged by the capillarr 
pressure in the choroid plexus. Opposing this is the osmotic pres- 
sure of the plasma proteins to which the capillary wall is im- 
permeablc. Under pUj'siologic conditions the protein content 
of the blood, and thus the osmotic pressure, docs not show appre- 
ciable changes. For tins reason, tlic rate of formation of cere- 
hrospinal fluid depends largely on capillary pressure, particularly 
in its venous portion. The pressure at which the fluid come.s 
tlirough the choroid plexus will be equal to the capillary pressure 
minus osmotic pressure of the plasma proteins. Under most con- 
ditions this pressure will vary' directly with tlie pressure in the 
venous portion of the capillaries of the choroid plexus. 

Abwrpthrt of ccrehrospinal fluid.— h appears that absorption 
of cerebrospinal fluid is a twofold process, being chiefly one of 
rapid drainage into the dural sinuses and, to a slight extent, one 
of slow indirect escape into the tnie lymphatic vessels. Witetber 
the veins of the pia, the cxirlical cerebral vessels and the cpciidy ma 
of the ventricles share in the absorption of cerebrospinal fluid is 
not certain, at least in adults and under nonnal conditions. 

The chief palbunys along which the cercbrospin.il fluid is 
absorbed arc (1) the arachnoid villi and pacchionian bodies 
(p. 31), (2) the lyinpljatics and (3) the ners’e shcatlis. As 
pathways for the outflow of cerebrospinal fluid, the lymphatics 
are more important in animals than in man, and in both ani- 
mals and man they arc more important for drain.ige of the 
spinal sac than for drainage of tlic suharachnoid spaces of the 
brain. For drainage of the suliarachnoid spaces of the liuinan 
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brain, the lymplialics in the upper part of the nose might be 
considered provided they actually exist (p. 42), The third 
pathway is furnished by the sheaths of all cranial and spinal 
nerves, particularly those of the olfactoiy filaments, optic nerve 
and acoustic nerve. Tlicse pathways carry tlie fluid primarily in 
a centrifugal direction. Some writers claim tliat the pathways 
carry it in a centripetal as well as a centrifugal direction, particu- 
larly so far as the sheaths of the optic nerve are concerned. Tlie 
total effective force which determines absorption, under normal 
circumstances, apparently is compounded of hydrostatic pressure 
(subarachnoid pressure minus cerebral venous pressure) and 
osmotic pressure of the blood. 

Circulnlion of cerebrospinal fluid.— The cerebrospinal fluid is 
poured directly into the cerebral ventricles. That-fonned-irLilie. 
l ateral vcn triclesJ lows through the foramen of Monro into the 
t hjrd ventricle and thence through ih^ sylvian aqueduct into the 
f ourth ventricle . From the fourth ventricle tlic fluid passes into 
the cisterna magna and cistema pontls through the foramen of 
Mi^endic and foramina of Lusch^ From tlic great cisternac 
the fluid slowly seeps down into the spinal subarachnoid space, 
but passes more rapidly upward about the base of the brain and 
tlien more slowly over the hemispheres, where it is absorbed in 
the sinuses and veins of the meninges (Fig. 15). The circulation 
of cerebrospinal fluid, normally very sluggisli within the skull, is 
actuated by impulses transmitted by the pressure of the secretion, 
by the position of the body, by respiration, by vascular pulsations 
and by movements of the head and body. Hydrostatic foiccs 
appear to take no significant, if any, part in the displactMuent of 
ventricular fluid into the subarachnoid spaces. A flow of cerebro- 
spinal fluid from the ventricles through the brain substance into 
the subarachnoid spaces lias fretjuently been assumed, but it 
probably does not exist, at least under normal conditions. There 
arc many controversial questions concerning the circulation of 
tlie cerebrospinal fluid. Some neurologists even doubt that there 
is any ciiculation of cerebrospinal fluid. 

Increase of fluid leads to Iiydroccphalns, wliicli may be 
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caused (1) by occlusion of llic arachnoid villi, (2) more rarely 
by an increase in the amount of fluid secreted in excess of what 
can be cared for by the normal portals of drainage, and (3) by 
obstruction, notably at the foramina of Monro, in the sylvian 
aquedvict, in the fourth \cnliicle or in the area of the foramen 
of Magcndic and foramina of Luschka. Obstmclions of the 
channeb of the cerebrospinal fluid are commonly caused hy oto- 
rhinogenous brain abscesses. 

Pressure of cerebrospinal /fmV/.— Nonnal pressure is <leter- 
mined largely by the balanc-e between the constant production 
of cerebrospinal Quid in the cerebral ventricles and its absoq>- 
tion into the dural sinuses. Cliauges of pressure, withii\ physio- 
logic limits, are caused by ebanges of position of tbc body, 
osmotic pressure of tbc blood, respiration and, to a certain ex- 
tent, by the intracranial arterial and venous pressures. When the 
body is in the lateral rectunlHMil position, the pressure of cere- 
brospinal fluid is approximately the same in all parts of the 
craniovertebral cavity. It rises from S O to 150 mn). in adults and 
from 50 to 100 inm. in children. Several autliors base noted a 
slight increase of pressure in the ventricles, wliicli they called 
“secretion pressure of ccrehrospinal fliud,” and others have found 
a slight increase of pressure in the lumbar portion of tbc cord. In 
neither instance is the increase of practical importance. With 
change from the liorizontal to the erect position the hvdrostatic 
pressure of the fluid comes into action. In that event there is a 
negative pressure (less than atmospheric) in tbc skull. Althougb 
there is no consensus concerning the exact amount of pressure, 
one m.!)’ assume that when the Ijotly is erect the pressure in the 
ventricles amounts to -150 up to -300 mm. of water and in the 
cislcma magna, —40 up lo wO mrii.-, aX the level of the iuferior 
portion of the ccn’ical spine the fluid pressure reaches atmos- 
pheric pressure and gT.ulnaUy rises toward the lumhar portion 
of the spine. Here the pressure is between 2.50 and 3-50 mm. in 
adults in sitting position and in children, between 150 and 250 
min. All of these figures are approximations. 

Tlic difference in pressure in the erect and in the horizontal 
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position is due to the hydrostatic pressure of the fluid above the 
site of puncture. The amount of hydrostatic pressure is by no 
means constant; it is strikingly modifled by the coefficient of 
elasticity of the spinal dural sac and the soft parts at the base of 
the skull. The pressure of the fluid column must decrease cor- 
responding to the degree to which the spinal sac and the elastic 
tissue at the base of the skull yield to the pressure of the fluid. 
An effort was made to analyze the degree to which hydrostatic 
pressure is caused by the pressure of the fluid column and by 
the elasticity of the coverings, but no practical method was 
^vo^ked out. 

Regarding osmotic pre.ssure, the cerebrospinal fluid is in 
osmotic equilibrium with the plasma of the blood. The total 
osmotic pressure of plasma is about 5,400 mm. Hg; that is, if a 
membrane were to separate plasma from pure water and were 
impermeable to cverytlung in the plasma except water, hydro- 
static pressure equivalent to a column of mercur)' more than 
5 m. liigh would have to be c.xerled on the plasma to prevent 
the passage of water across the membrane into it. However, 
the capillary wall is permeable to nearly all osmolically active 
substances in the blood except proteins. For this reason, only the 
osmotic pressure due to the plasma proteins must be considered, 
since all other substances depress the tendency of water mole- 
cules to escape across the membrane equally in both directions,’ 
while the proteins encourage the passage of water into the blood. 

Although osmotic pressure prevents passage of fluid across 
the capillary wall, capillary hydrostatic pressure tends to in- 
crease the escape of fluid into the tissue spaces. Normally these 
presstires are balanced: fiuid fillers into lire tissue spaces from 
the arterial portion of the capillaiy’ bed, where hydrostatic pres- 
sure is higher than osmotic pressure, and is reabsorbed into the 
venous portion of the capillary bed, where osmotic pressure is 
higher than hydrostatic pressure. Tins normal fluid exchange 
requires an osmotic ajid hydrostatic equilibrium between plasma 
and cerebrospinal fluid. With hydrostatic pressure constant, vari- 

*Tliis statement docs not talc into consideration tlic so-called Donnan cHcct. 
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ati'ons in tlic relative osmotic pressure of blood and cerebrospinal 
fluid cause volume changes like edema or dehydration in tissues 
not rigidly confined; when they ocair in the cranium the volume 
changes of the brain are limited, but changes in intracranial 
pressure do result. Intravenous injections of strongly h)pertonic 
solutions, such as a 20-50 per cent glucose solution or a 10-20 
per cent solution of sodium chloride, cause a definite fall of 
cerebrospinal Quid pressure and shrinking of the brain, whereas 
injections of iso- or hvpolonic solutions cause an increase of 
pressure and swelling of the brain. The depressing eflccl of 
hypertonic solutions has practical significance, although it is 
temporar}’. 

Much work has been done in anal)’ 2 ing the influence of dmgs 
on the pressure of cerebrospinal fluid, but no definite informa- 
tion has been gained. Tli)Toid extract seems to have some value 
in certain instances of increased intracranial pressure, causing a 
moderate fall in pressure. 

Respiration causes fluctuations in pressure of cerebrospinal 
fluid \rilhoul influencing the permanent pressure. During lumbar 
puncture, the excursions of the column of cerebrospinal fluid in 
a standpipe manometer m'th each respiration show a variation in 
fluid pres-sure of 5-20 mm. of water. These '•ariations in fluid 
pressure depend on the ■i'arialions in venous pressure in the diiral 
s\n\jses and epidural venous plexus of the spinal cord caused by 
respiration. 

Since the brain is enclosed in an almost rigid box, volume 
changes in arteries or scins influence intracranial volume, and 
liencc cerebrospinal fluid pressure, directly. The dependence of 
cerebrospinal fluid pressure on arterial pressure is not striking. 
Although pulse pressure in the larger arteries is about 500 inm. of 
water and in the circle of Willis at least 340 mm. of water, cere- 
hrospinal fluid pre.ssurc rises onU 2-6 mm. of water with each 
heart beat. 

Otologists are familiar with the pulsating sinus, i,e., pulsating 
motions of the surgically exposed sinus. Likewise, in the presence 
of a perisinus abscess the pus often escapes in pulsating rhythm 
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during operalion on the mastoid. There is no satisfactory explana- 
tion of these observations. In exceptional instances the negative 
pulse wave originating in the atrium of the right heart is trans- 
ferred through the Jugular vein into the sigmoid sinus. In most 
cases the blood in the sinus does not move with pulsating mo- 
tions. If a pulsating sinus is incised, the blood squirts out in a 
continuous jet. Furthermore, pulsating motions of the sinus have 
been noted in the presence of an obliterating sinus thrombosis. 
For these reasons, the pulsations of the exposed sinus have been 
explained by a shifting of the sinus with the neighboring dura, 
caused by the arterial pulse in the cerebrospinal fluid. I doubt 
that a pulse pressure of 2-6 mm. of water is capable of causing a 
shifting of sinus and dura. Howc\'er, it is conceivable that a shift 
of this type might be accomplished if there were active hyperemia 
of the loptomeninges beneath the sinus and dura, caused by 
serous meningitis. According to this concept, a pulsating sinus 
would indicate serous meningitis in the posterior cranial fossa. 

Further proof of the relative independence of arterial and 
cerebrospinal fluid pressure is the observation that arterial hyper- 
tension has no constant influence on the pressure of the cerebro- 
.spinal fluid unless there is a renal complication, disturbing the 
osmotic equilibrium between plasma and cerebrospinal fluid. 

Although variations in arterial pressure do not materially in- 
(lucncc intracranial pressure, the latter follows venous pressure 
changes almost quantitatively. To cause a rise in pressure of the 
cerebrospinal fluid, the increase in venous pressure must occur 
rapidly. If the obstruction to outflow of venous blood develops 
slowly and persists for a long period, as in .sinus thrombosis, 
there is no appreciahh rise in intraernnia) pressure. But if 
jugular vein is compressed .suddenly, there is a prompt, adequate 
rise in pressure of the cerebrospinal fluid. These facts are the 
basis of the Queckenstedt test, which is performed in the follow* 
ing manner. 

Pressure is exerted on one or Iwth jugular veins, which causes a 
rise in pressure of the cerebrospinal fluid. Normally, the increase in 
pressure spreads rapidly in the lumluir cord, causing a rise of the fluid 
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in the manometer less than one second after the comprcssioJi that 
continues rapidly to the maxima] position. With diseases causing an 
obstruction in the spinal cord, the rise in the manometer is markedly 
delayed and after release of the compression of the ^cin the pressure 
of the c-erebrospjnal fluid returns to nom)al very slowly or not at all. 

Tobey and Ayer applied the Qiieckenstedt test in the diagno- 
sis of lateral sinus tlirombosis, using the following technic. 

With the patient in the lateral position and the suspected sinus 
lowcmiost, a lumbar puncture is performctl and fluid is allowed to nm 
into a glass manometer of 2 min. Iwre. If, for some reason, the ven- 
tricles are punctured, fluid pressure in the ventricles can be measured. 
Tlic initial pressure reading is noted Pressure is then exerted on one 
side of the neck between the larynx and the steniocleidoinastoid mus- 
cle until a strong carotid pulse is felt. Tlie vessel is pressed against 
the transverse process of the ccrv'ical vertebra, not against the latymx, 
wiUi care not to compress the estenwl jugular vein. During the com- 
pression, the surgeon watches the rapidity of rise of the fluid column 
in the manometer, the promptness of its beginning, the final height 
It attains and. on release of jugular compression, the rapidity of drop 
in pressure. The procedure is then repealed on tlie opposite sidu of 
the neck. Since cerebrospinal fluid pressure is somewhat diminished 
in the vein on the dependent side, readings should be taken from the 
upper side by reversing the patients position. Finally, for comparison, 
lx)th jugular veins are compresstxl simultaneously. 

, In a typical case of latenil sinus thrombosis there is a prompt and 
J rapid rise in fluid pressure, to twice or three times tlie initi.il reading, 
on compression of the jugular vein on the nonnal side. This pressure 
rise is maximal, being equivalent to the pressure attained when both 
jugukir veins arc comprewed. Pressure over the vein draining the 
thrombosetl lateral sinus causes cither no rise or, more commonly, a 
slow rise of only 10-20 mm. in Hie manometer. Partial obstniclion by 
a mural thrombus gives less striking results. For diagnosis of laferalc 
sinus tfiTOinbosis, the difference in nse on the two sides must be slrik-A 
ing, because in normal individuals there is often a considerable differ- 
ence in the height of pressure reading following compression of each 
jugular vein separately. However, in nontvnl subjects a differnice of 
over 50 mm. is timistinl and over 100 mm., exceptional. 

The Tobov-Ayer test fs Irclieved to facilitate tlic diagnosis of 
unilateral sinus tliromlwsis in cases of bilateral otitLs, vvhicli is 
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common in cinidren. But frequently it does not succeed. Jugular 
compression on the involved side may fail to show a rise in cere- 
brospinal fluid pressure even though there is no thrombosis of 
the lateral sinus, and vice versa. Tlie response of cerebrospinal 
fluid to jugular compression depends largely on (1) the technic 
of compressing the veins, (2) initial pressure of the cerebro- 
spinal fluid, which should not be over 200 mm,, (3) leakage of 
spinal fluid through tlie puncture, (4) hyperv’entilation, (5) vari- 
ations in intracranial blood flow, (6) thick neck, (7) anatomic 
variations of the sinuses and (8) interfering movements, such 
as coughing and movements of the head. The multitude of in- 
fluencing factors c.\plains the frequency of failures. Nevertheless 
the test should always be performed if there are indications for 
sjiinal puncture. I have never been compelled to perform a spinal 
puncture for the sake of die Tobey-Ayer test. Tliorougli examina- 
tion of the cars usually reveals, even in children with bilateral 
otitis, that the otitis is more advanced on one side than on the 
other. Sinus phlebitis is usually found on tlic .side wlicrc the otitis 
is more advanced. X-ray examination of tlie mastoids offers fur- 
ther support in tliesc instances. 

Intracranial hr/pcr/cusiou.— Intracranial hyiiertension occurs 
if the normal relationship between the available capacity of tlic 
skull and tlic contents of the skull is disturbed. Each of the con- 
tents of the skull— cerebrospinal fluid, lilood and brain— is capable, 
under palliologic conditions, of dbtuibing this relationship. 

1. Cerebrospinal fluid will cause intracranial hypertension 
(rt) if there is excessive production of fluid, {b) if there is de- 
layed absorption of fluid, (c) if there is an obstruction of the cir- 
culation of fluid and (d) if all of these factors, or some of tliem, 
arc acting. Increased pressure of the cerebrospinal fluid is trans- 
mitted readily to the interior of the tliin-walled veins. Thus the 
intracranial \cnous pressure is raised and the blood flow retarded. 
Tlie rise in venous pressure is transmitted to the capillaries, tlien 
to the arterioles and small arteries, raising the pressure in each 
and causing dilatation of all these vessels. Since the constant 
arterial pressure is about six times the venous pressure, venous 
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and capillarj- pressure can rise considerabl)’ without npproacliing 
that of the larger arteries. For this reason, the constant arterial 
pressure establishes a slower, yet effective, circulation in tlie 
brain without causing a rise in sj^temic arterial pressure. 

It is the compensator)’ effect of cerebral arterial pressure in 
the presence of intracranial h)*pertcnsion w’hich prevents intra- 
cranial pressure raised to a level approaching cerebral arterial 
pressure, at least diastolic pressure, from shutting off cerebral 
circulation. For this reason, patients with general intracranial 
pressure of gradual development and short duration may liavc a 
functioning cerebral circulation witli normal arterial pressure, 
normal pulse and normal respiration. Only the pulsations of the 
brain arc increased, and there may be passive hyperemia of the 
retinal veins or even beginning papilledema. 

\Vhen intracranial hypertension reaches or exceeds the level 
of arterial pressure, cerebral anemia witli blanching of the cere- 
bral cortex occurs. Cvishing dcmonstratcrl the existence of a hind- 
brain regulatory mechanism. Tins mechanism acts on a partial 
anemia of the vasomotor center in the lundbrain and Ijrings about 
a rise in systemic blood pressure great enough to maintain cere- 
bral circulation during c.xcessixc elex'atlons of Intracranial pres- 
sure. This rise in systemic arterial pressure is called the blood 
pressure reflex of Cushiiig. It occurs only when the rise in intra- 
cranial pressure is sudden and marked, as in intracranial injury 
and terminal phases of expanding lesions. With intracranial com- 
plications it is rare. 

All of these meclianisms of compensation except the blood 
pressure reflex of Cushing arc active when the increase in intra- 
cranial pressure is gradual. If, hoxs-c\er, tlip intracranial pressure 
ix xQ.«.sed. tajirliy aixd to the level of tlw Idw-vi «[w:es,y.».tc, 

respiration may cease immcdialelj. 

2. Tlie cerebral arteries as well as the cerebral veins may 
cause intracranial hypertension under pathologic conditions. 
Obstruction of the arterial lumen and nipliire of the arterial wall 
are follower! by an increase in intracranial pressure. However, 
these conditions do nut concern the otolaiyaigologisl. ^^o^c im- 
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portant factors in causation of intracranial hypertension are the 
cerebral veins and dural sinuses. Compression of the jugular veins 
in normal circumstances causes a rise in cerebrospinal fluid pres- 
sure. Since the rise in pressure ceases immediately after release 
of the compression, it can hardly be caused by excessive produc- 
tion or delayed absorption and ia all probability is caused by 
tlic displacement of cerebrospinal fluid by venous stasis in 
the cranial cavity. In sinus thrombosis the outflow of venous 
blood is also impeded, but tliis impediment develops slowly, in 
contrast with that following compression of the jugular vein. 
Consexpienlly, in sinus thrombosis an increase in intracranial 
pressure is not to be e.xpected. Nevertheless, practical experience 
proves that in 10-16 per cent of cases papilledema occurs. In 
some, papilledema appears after ligation of the jugular vein, in 
others prior to it. In the latter cases the impediment to outflow 
of venous blood depends largely on anatomic conditions. For 
example, if the right lateral sinus is conspicuously larger than the 
left, its obliteration will have a more noticeable effect on the 
outflow of blood tlian will obliteration of Uie smaller sinus. This 
fact is important, but it is not sufRcient to explain the papilledema 
in sinus thrombosis, because in cases of extensive sinus thrombo- 
sis papilledema is often absent, but may occur when only the 
sigmoid sinus is thrombosed. Moreover, the difference in width 
of the lateral sinuses is more common tlian papilledema in sinus 
thrombosis. For this reason, the impediment to the outflow of ve- 
nous blood per so cannot explain the papilledema in sinus throm- 
bosis unle.ss there is, in addition, infl.'unmation of the dura caus- 
ing active hyperemia of the Icptomeninges and serous c.xudation 
into the cerebrospinal fltiid. It is likely that venous stasis and 
serous meningitis also co-operate in causing papilledema after 
ligation of the jugular vein. As for venous stasis, ligation of the 
jugular vein may cause an increase in intracranial pressure 
analogous to that in Qucckcnstcdl s test This occurs regardless of 
whether the lateral .sinus is obliterated or not. It all depends on 
whether the inferior petrosal and carotid sinuses are patent or 
not. Usually they arc patent in thrombophlebitis of the lateral 
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siiius. For lliis reason, the increased venous pressure caused by 
ligation of tlie jugular vein can be transmitted to tlic cavernous 
sinus even though ilje sigmoid simis is obliterated. Tins probably 
explains the frequent failures of tlie Tobey-Ayer test and the fre- 
quent association of abducens paresis and papilledema in these 
instances. 

3. A local compressing force may obliterate or impede the 



Fic. IS.— Cerebellu cone in a case of br.'tin edema rnllowing tnn«f] infection. 
Tliorc was no brain abscess. 


circulation in the veins and capillaries in the immediate vicinil)'. 
Moreover, since with expanding intracranial lesions the rise in 
intracranial pressure is not uniform, even in a single dnral ctmi- 
partment, a distortion of the local circulation is added to tlie 
effect of compression. The local disturbance of blond circulation 
may cause brain edema whicli, in turn, generalizes the increased 
brain pressure. With brain abscesses, the brain edema is due to a 
disturbance of the blood circulation as well as to inilainination. 
The inflainmator)' component is of greater importance, since ex- 
tension of tlie brain edema is not dependent on the si/c of the 
abscess. Frequently a small abscess causes edema of the entire 
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cerebral bemispberc on tbc involved side, wbercas witli a large 
abscess tbc edema may be restricted to the immediate vicinity of 
tbe abscess. Extension of tbe edema depends on the virulence of 
the infection, on the Oedem'Bereitschaft of lire brain, which is 
more marlced in children than in adults, and on the presence of a 
capsule of the brain abscess. 

j Both the increase in cerebral bulk and the brain edema may 
cause dislocations of the brain, called foraminal Iiemiations. The 
best known foraminal herniation is cerebellar herniation into the 
foramen magnum (Fig. 18). With this type the edematous cere- 
bellar tonsil and medulla oblongata block the cistema magna to 
such a degree that the bony margins of the foramen press on the 
cerebellar tonsil. This causes the cerebellar pressure cone which 
may be noted at autopsy in cases of cerebellar abscess and, occa- 
sionally, temporal lobe abscess. In cases of cerebellar abscess the 
roof of the cerebellum is often bulged toward the tentorium, 
causing henilation of the cerebellar roof up through the tentorial 
hiatus (Fig. 19), I have never seen a case of this type, probably 
for want of proper attention. In these cases the edematous cere- 
bellum undoubtedly presses on the cistema ambiens encircling 
the midbrain and extending up to the quadrigeminal bodies. The 
pressure on the cistema ambiens interferes with the circulation of 
cerebrospinal fluid and is one cause of the development of internal 
hydrocephalus in cerebellar abscess. 

Herniation into tlic Juatus, or incisura, tentorii is less >vell 
known than that into the foramen magnum. The cerebellar tento- 
rium (Fig. 19) extends from the transverse sulcus of the occipital 
squama foixvard to the superior angle of the petrous bones and 
to the anterior clfnoid processes. Between the ape.xes of the 
petrous bones the tentorium fonns a large foramen, the anterior 
boundary of which is formed by the dorsum sellae. This foramen 
is the incisura, or hiatus, tentorii. It is closed by the midbrain, 
cerebral peduncles and cistema ambiens. The tentorium covers 
the cerebellum and forms the base of the temporal and occipital 
lobes. With tumor or abscess of the temporal lobe the uncus of 
the temporal lobe may 1» crmvded into the incisura tentorii. 
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causing a temporal pressure cone which may he seen at autopsy. 
In such cases, compression of the sylvian aqueduct and oblitera- 
tion of the cisterna ainbicns occur, as willj cerebellar abscess 
Tliis results in an increase in pressure in the ventricles and thus 
in dilatation of the ventricles. With temporal lobe abscess the 



Fir. J9— Iiifennr airfare of ivrebrum o, blerul sinus, b, latc-r.il ocxipital senis. 
0 . liUUis ii( cvrvlKlUt t^utociuin; <(, small aiuLstonuitic vein of I.alibe, f, ccrrlKal 
jictJuiuIe, /, niitWli* lerebral tcim, .i<iu«Iuct of S)Imus, It, vein bo-salu (riwn- 
lliali), i, iistcnia ambiens in llif It'ntonal luitut, j, iiilirrnnl oc-tipa.il vein; t. 
siniiglit sums, T, tentorium of cerebellum (Adjjjt<t! from B.itley.) 

ventricle on the involved side is usually compressed; therefore 
bilateral hydrocephalus cannot oc'cur. However, there is usually 
hydrocephalus coiilralalera! to the temporal lobe abscess (p. 361 ). 
rroiital lobe abscesses of rhinogenous origin rarely interfere with 
cerebrospinal fluid circulation. 

Generalized intracranial hypertension does not cause defitiite 
symptoms as long as there is sufficient oxygenation of the brain 
stem. Ilowcv’er, with a dislurliancc of the blood circulation or 
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intcnnittent anemia of the hindbrain, the principal symptoms of 
increased brain prpssure may appear; headache, nausea, vomit- 
ing and papilledema. If intracranial pressure reaches a level 
equal to, or slightly in excess of, diastolic blood pressure and if 
this rise occurs comparatively rapidly, alterations in pulse rate 
and respiration and eventually in blood pressure may ensue. Tlic 
first symptom is the “pressure pulse,” caused by irritation of tlie 
vagus center in the hindbrain. Tins is characterized not only by 
the low rate but by its regularity and the striking tension of the 
arterial walls. As for the low rate, one must remember that both 
f(jvcr and accelerated and deep respiration have a stimulating 
effect on cardiac activity, so that under these circumstances a 
pulse rate of CO— 70 may be low. On the other hand, a low pulse 
rate may exist without intracranial bj’pcrtcnsion (p. 3.56). If 
tlierc is further increase in intracranial pressure the pulse be- 
comes weak and irregular. This indicates impending paralysis of 
the vagus center, which may cause a permanent standstill of the 
heart if there arc simultaneous cessation of respiration and sud- 
den fall in systemic blood pressure. 

During operation on brain abscess, or spontaneously, symp- 
toms may appear that indicate paralysis of the respiratory center 
which is not necessarily associated with the finding of a pressure 
pulse, Hespirations become slow and deep, and irregular pauses 
in respiration occur. This is followed by a rhythmic change of 
respirator)' pause and rapid deep respiration— the Chcync-Stokes 
t)pc of respiration. Ultimately respiration ceases entirely. 

If there is impending paralysis of the vagus center and the 
center of respiration, the blood pressure reflex of Cushing (p. 
52 ) may reactivate the fa/Img hloorJ ciretthtian in the brain far 
a short lime. But if intracranial hypertension is not rapidly 
relieved, the systemic arterial pressure will gradually fall and 
dcalli will ensue. With high degrees of intracranial pressure the 
first center which fails is that of respiration, whereas the action 
of the heart may continue for scscral hours if artificial respira- 
tion is given. In one of my cases of ecrchellar abscess the heart 
beat was noted more than 10 hours after cessation of respiration. 
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The s)niptoms of intracranial hj-pertension do not become 
manifest in evei^’ case at the same time and in the same intensity. 
Certain constitutional factors determine whether pressure symp- 
toms make a rapid or a slow appearance. For example, in an 
individual xvith a great amount of cerebrospinal fluid and large 
venous channels, it will take longer for Uic various symptoms of 
intracranial liypertension to become evident than in a person 
with a small amount of fluid and narrow venous channels. In the 
former, more space becomes available in tlic skull as the venous 
channels are compressed and cerebrospinal fluid is absorbed. 
Even more important is the relation between volume of tbe brain 
and capacity of the skull. As previously mentioned, the relative 
size of the brain in inhanls and children is greater than in adults. 
However, there are variations In the relation between volume of 
the brain and capacity of the skull in adults. In old age tlie brain 
volume decreases, thus increasing the difference between brain 
volume and capacity of the skull. For this reason, in children and 
some adults the s}'mptoms of intracranial hypertension appear 
more rapidly than in the aged. 

Chemistrij and immuitohgij of cerebrospinal /In/d.— Normal 
fluid is clear and colorless and shows no pellicle or sediment of 
any kind. Specific gravity varies bcluccn 1.006 and 1.009. In- 
crease in specific gravity indicates the presence of abnormal 
contents or an increase of normal contents. Normal fluid contains 
approsiniatel)' 5 cells per cu. mm. However, from a practical 
standpoint, the limit I>elwccn normal findings and definite 
pathology should be set higher, up to 10 cells per cu. mm. If 
the counting cliamhcr of Fuclis-Roseuthal is vised, the nunvber 
of cells is usually c.xpressetl in terms of thirds, as 8/3 or 15/3 
cells, since the chamber embraces a space of 3 cu. mni. The 
total number of cells, therefore, must be divided by 3 to find the 
number of cells in 1 cu. min. Tlic number of cells is believed to 
be greater in the fluid of the lumbar spine than in the fluid of 
the ventricles, but the difference has no practical importance. 
Under pathologic conditions the number of cells is greatest close 
to the involved area, A slight increase in Umpliocytes is often 
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caused by an irritation of tJie meninges, as it occurs in spinal or 
cisternal puncture and in encephalography. The cells of the cere- 
brospinal fluid deteriorate rapidly. For this reason, the fluid 
sliould be examined within a half-hour after puncture. 

The protein content varies between 13 and 24 mg. per 100 cc.; 
the plasma protein content is ft-8 Gm. per 100 cc. The pro- 
tein consists jirimarily of albumin, globulin comprising only 
one fifth of the total proteins. Cerebrospinal fluid taken after 
performing the Queckenstedt test is thought to be somewhat 
diluted and to contain less protein. The tests generally em- 
ployed for the determination of protein in the cerebrospinal 
fluid are Nissl’s test, the phase I reaction of Nonne-Apelt and the 
Pandy test. 

The sugar (dextrose) content varies between 40 and 05 mg. 
per 100 cc.; it is believed to be greater in the fluid of the ven- 
tricles than in the lumbar Quid. The total nitrogen content varies 
between 19 and 22 mg., and the chloride content between 700 
and 750 mg. per 100 cc.; the chloride content of the plasma varies 
between 570 and 620 mg. per 100 cc. The pH ranges from 7.4 
to 7.6. The lactic acid content of normal cerebrospinal fluid 
varies between 6 and 27 mg. per 100 cc. \Vhelher or not normal 
cerebrospinal fluid contains bactericidal substances is not clear. 
Some writers claim that the fluid is a good culture medium for 
bacteria, while others stale a contraiy opinion. 

Methods of obtaining cerebrospinal fluid.— In otolaryngologic 
practice, spinal puncture, cisternal puncture and encephalography 
arc commonly used. 

SriNAL pu.vcixmE.— This is performed with the patient in the lateral 
reaimbent position, unless inflation of the spinal canal with air is 
indicated, when the puncture must be performed with the patient in 
sitting' position to permit ascent of the air into the cranial cavity. 
Tiie spinal column is arched to widen the intervertebral spaces. Tlie 
skill is prepared with iodine and alcohol, and all aseptic precautions 
must be taken to minimize the danger of introducing infection into 
the spinal can.il. General or local nnestliesia is seldom nccessar)’, 
although nervous patients occasionally require general anesthesia. 

Spinal puncture needles are 7-4) cm. long and 0.6-0.8 mm. in 
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diameter, with a stilet to fit the needle. TJie needle must be sterilizetl. 
It should lla^e s-ahes for the measurement of spinal fluid pressure, 
although this is not an absolute requirement. If there are clinical 
svmploms of meningitis, a needle with a larger diameter should be 
used <i{» that, in the event frank pus e.scapes, it does not dog the 
needle. Tlw diameter should j«jt l>e more than 1 mm., to avoid leakage 
of fluid after the puncture. 

A good landmark for guidance of tlic needle may he made by 
drauing u horizontal line with tincture of iodine through the \’crtebr.il 
column aCToss the crests of the ilium. Tlie line strikes the interspace 
between the third and fourth lumbar vertebrae. This is die preferresl 
site for spinal puncture, although the space behvecn the second and 
third lumbar \ertcbrae can be used without risk of puncturing the 
spinal cord In infants up to 2 years, spin.i! puncture should be per- 
formed either hclwceii the first and second or hciween the second 
and third lumbar \ctebrae. Tlic needle, the tip of which js directed 
sUghlly cavidad, should be mtnKluccd in chiUlrru eaactly m the iind- 
line and in adults. 3-10 mm. to one side of the midline. 

Tlie needle rapidly pierces llie skin, sulicutaneous fascia, fat, deep 
fascia, multifidiis muscle and vertebra! arches. Ulicn the needle 
touches the ligamentum flavmn the speed of advance should decrease. 
NVlieu the needle passes the dura a snap is fell. Tlie stilet is then 
removed and the fluid allowed to flow directly into the manometer or 
a sterile test tube. Five to 10 cc. of fluid sbould be withdrawn for 
diagnostic purpose, ff ih<>-pc£ssmc is markedly increase d, the fl uid 
should be withdrawn very slowly and needles oFTine caliber used. 
Tlie quality of the pulse must be carefiill)' checked during llic^pro- 
ccdurc. If hniihar pressure is vtTy Tow. the milflow of fluid can he 
encouraged by pressure on llie jugular vein or, with the patient recum- 
bent, by bending the lu-ail forward. (With the patient .sitting up, bend- 
ing the bead fonv.ird dues not increase lumbar pressure.) W^ien the 
needle is witlidravvni io<liuc is applied and collodion placed on the 
opening in the skin. Unless surgery is fo be done, tlic patient is pul 
to Wd \TOmed\att\y after ttw pwrvctwe aivd kept suph'ie for at ftast 2-4 
hours to relieve headaclic and prevent leakage of fluid by decrca.sing 
the pressure in the Inmbar spine. 

Deatli from spinal puiichire has licen reported, most fre- 
(pienlly in cases of cerebellar abscess, less frcquentlv in cases of 
temporal lobe abscess. Death in these cases is rarely instantane- 
ous, usualh occtiiring several hours after the puncture. Never- 
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ihcless otlicrs, as well as the writer, in ignorance of llio correct 
diagnosis, liave pcrfonned a spinal puncture in cases of cere- 
bellar abscess, and in' many such cases the puncture was well 
tolerated. For this reason one may infer that a fatality occurs 
when, prior to the spinal puncture, a cisternal block due to 
compression of the medulla in tlie foramen magnum was develop- 
ing and was simply completed by the spinal puncture. This 
hypothesis is, however, of little practical value, since there are 
no definite indications of an impending cislcmal block. For this 
reason, every case of cerebellar abscess should be considered one 
of potential cisternal block and spinal puncture should be 
omitted. To a certain degree, this holds true for every complica- 
tion associated with intracranial hypertension, as indicated by 
papilledema. If, for one or another reason, a lumbar puncture 
must be performed in such cases, it should he done with the 
patient in the lateral prone position, with a fine caliber needle, 
and only 5 cc. of fluid should be slowly withdrawn. In the pres- 
ence of erysipelas, abscess in Uic lumbar region or osteomyelitis 
of the lumbar vertebrae, a spinal puncture cannot be performed. 

A common argument against lumbar puncture is that it may 
cause a nipture of an encapsulated brain abscess or spread of a 
localized meningitis. With regard to the spreading of a localized 
meningitis, it is instnictiv'e to recall the influence of surgical 
traumatism on a loc.alized labyrinthitis. The perilymphatic space 
of the scmiciicular canals has a structure similar to that of the 
subarachnoid spaces. A localized inflammation of tJie perilympha- 
tic space of the semicircular ainals, called localized labyrinthitis, 
can be considered analogous to a localized meningitis. Localized 
labyrinthitis usually requires mastoid surgery. Because it is usu- 
ally due to a cholesteatoma of the t)'mpanic ca\nty, the bone of 
the mastoid antnim is thickened and sclerotic and there is a 
fistula in one of the osseous semicircular canals. For this reason, 
the localized labyrinthitis is subject to considerable mechanical 
trauma at operation. This injurj' is certainly more liazardous than 
that acting on a localized meningitis wlien 5 cc. of cerebrospinal 
fluid is wilhdrami by spinal puncture. Neverthele.ss, localized 
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labyrinthitis seldom spreads after a properly performed radical 
mastoid operation. Therefore it is scarcely believable that the 
minor mechanical trauma caused by withdrawal of 5 cc. of cere- 
brospinal fluid will cause spread of a locali 2 ed meningitis. Prac- 
tical experience confirms this conclusion. 

So far as rupture of an encapsulated brain abscess is con- 
cerned, neither practical experience nor theoretical consideration 
supports this hypothesis. Of 55 cases of brain abscess obsers’ed 
by the UTiter, not one pointed to the spinal puncture as a cause of 
niplure of the abscess. This cAjicrience is in agreement with 
theoretical considerations. According to present knowledge, the 
\nlhdrawa! of 10 cc. of cerebrospinal fluid causes a fall of fluid 
pressure of not more than 80-100 mm. of water. A simple shift 
from the recumbent to the erect position causes a fall of ven- 
trievdar pressure of 100 mm. of water at least, provided there is 
free communication between the subaraclmoid spaces of the 
hrain and Uie spinal cord. Consequently, for the patient with 
brain abscess, the shift from the recumbent to the erect position 
is more dangerous than the withdrawal of 5 cc. of cerebrospinal 
fluid. Nevertheless, tlie rupture of brain abscess caused by simple 
movements of the body is rare, and must be even more uncom- 
mon subsequent to spinal puncture. 

/Vnother untoward effcel of spina! puncture is “dry puncture,” 
i.e., the failure to obtain Quid. Tlicrc may be various causes. With 
the needle properly inserted in lire spinal canal, a spinal nerve 
may obstruct the lumen of the needle. A slight movement of the 
needle or a turn of its long axis may dislodge the obstacle. If par- 
ticles are clogging the nectllc lumen, the stilet should be reintro- 
duced and the needle withdrawn slightly. If the flow is very slow, 
the jugular vein may be compressed. Occasionally the application 
of an ethyl chloride spray to the thigh will encourugc the flow, 

Wien meningitis is treated by* daily spinal punctures, in a 
later period of such treatment puncture may fail to yield fluid. 
Tilts is probably due to tlie formation of adhesions in the sub- 
arachnoid space of the lumbar cord or in the cistenia niagna. In 
ihe first instance, puncture must be perfonned in another ver- 
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tebral space, above llie obliterated space. If the cistenia magna is 
obliterated, causing a cisternal block, puncture may yield fluid 
which is xanthochromatic, escapes under low’ pressure and con- 
tains niucli albumin but only a few cells. This finding is called 
the s)’ndrome of Froin. In these instances, which are rare in 
olorhinogenous complications, a cisternal or venticular puncture 
must be performed. 

Another untoward effect is the mixture of blood and fluid. If 
there is a large amount of blood the puncture must be repealed 
in another area or on another day. If the amount of blood is 
trifling, a slight movement of U>e needle may remove the blood. 

If the needle breaks beneath the skin, the fragment should be 
removed immediately. If it is broken in a deeper tissue layer, its 
removal must be postponed until x-ray studies permit localization 
of the needle. Occasionally vascular collapse occurs, particularly 
if the puncture is performed with the patient in the sitting posi- 
tion. In that event it is not necessary to remove the needle. Tlie 
patient should be allowed to assume the recumbent position and 
inhale spirits of ammonia, and then the procedure can be con- 
tinued. Immediately, or one to Iw'o days, after the puncture tlie 
patient may complain of pain in the head, neck, shoulder or 
back; of nausea; of slight rigidity of the neck; of dizziness; of tin- 
nitus, or of pain on micturition. Tlicse complaints disappear spon- 
taneously if the patient is kept at rest, and treatment is not 
necessary. Occasionally the administration of bromides or rectal 
administration of 5-10 Gm. of magnesium sulfate is helpful. In 
patients with intracranial complications these sequelae of spinal 
puncture arc comparatisely slight, particularl}' in children; ac- 
tually the patients frequently feel relieved after the puncture. 

CiSTEiWAL PtweruRt:.— Tlie needle is introduced e-xactly in the mid- t 
line of Uie back of the neck, just above the spine of the epistropheus 
(Fig. 20). In the direct method, the glabella and upper margin of ^ 
the e.xtemal auditor)' canal are valuable landmarks for directing the 
needle. If thwe two landmarks are brought in line and this line is 
continuetl to the neck, the occipito-atbntoid ligament w'ill be found 
at this le\cl. After perforation of tlie occipito-atlanloid ligament the 
needle immediately enters the cistenia magna. In the indirect method. 
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the skull is palpated from Hie external occipital protuberance down 
to the ^ ertcbral spine until the palpating finger meets the resistance 
of the ligamcritinn michae. TIjc nee<lle, introduced exactly in the 
inidline, is directed toward the occipital squama and pushed up to 
the squama. Then, by lowering the tip of the needle, the frame of 
the foramen magnum is approached. Here the needle is pushed 



Fi(.. 20 -Ciiicnial iHiiKtuix*. I. din-il mctlxKl, 2, iiiUircit inclbix) Armw iiidi* 
cates dirfc-tmn of flie canniib to rraih t!ic atlantO’CccipH.i) rticmljranc. 

through llie elastic occipito-atLintoid ligament where fref|ucntly, hut 
not ah^•ays, a snap is fell. I prefer llie indirect method. 

Tlie puncture may be performed with the patient recumbent or 
in a sitting ^wsition. In the first position, fluid escapes spontaneously, 
ill the second position, tt must In? aspirated unless an assistant com 
presses (he jugular sein or (he patient arrests hrcafliing for several 
scc'onds or increases abdominal pressure. After the puncture, the 
patient should n*st for 2-1 lioiirs, he should not be put fiat on his back, 
hut his head should be niisetl somewhat to avoid positive pressure in 
the cistema. 

Tlie advantages of cisternal puncture arc the lesser degree of 
headache than after spinal puncture ami the possibility of intro- 
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ducing drugs directly into the cranial cavity. Both advantages 
are of minor importance in intracranial complic-ations. Moreover, 
the neck rigidity in meningitis may render the cisternal punc- 
ture difficult. For this reason, I perform cisternal puncture only 
when lumbar puncture is not feasible. The hazards of cisternal 
puncture are injur}' to the marginal venous sinus at tlie frame 
of the foramen magnum or to another blood vessel and injury 
to the hindbrain. There Is no way of avoiding injiuy to a blood 
vessel. The medulla oblongata can be spared if tlie length of the 
needle does not exceed 8 cm . 

ENcnriiALOonAi’m'.— Both spinal and cisternal puncture gained 
new indications when encephalography was introduced into 
otolai^rngology. Injection of air into the ventricles of the brain 
w'as .suggested for differential diagnosis of the various types of 
hydrocephalus and for tlie diagnosis of brain tumors. Tlie practi- 
cal value of cnccpbalography in diagnosis and treatment of in- 
flammatory diseases of the meninges and brain has been demon- 
.strated. 

Air can bo injected into the ventricles of the brain directly 
tlirougli the skull {ventriculography) or by cisternal puncture 
(cisternal encephalography) or by spinal puncture (lumbar 
encephalography). I usually employ lumbar encephalograpliy, 
occasionally cistenial encephalography, never ventriculography. 


1/ 


For lumbar encephalography, the patient is given 3 gr. of soclimn 
a mytal the precedmg cvcnlng.'^nd the dose is repeated the morning ^ 
dr the-cxainination, without breakfast. Fifteen minutes before tlie /' 
procedure, 1/C or 1/4 gr. of morphine is given h)podermically. Chil- 
dren are given 1/12 gr. of morphine hypodermically one liour before^ 
and 1/2 gr. of sodium amytal one-half hour before the procedure is 
started. 'As a prccjuitionary measure against cardiac collapse, some 
surgeons administer one-half tablet of ephetonine (0.025 Cm.) 30 
minutes before introducing the air. General anesthesia is contraindi- 
cated because it prevents the entry of air into the ventricles and 
enhances the risks. E%’cn morphine is rejected by some neurologists 
svho ha\‘e observ'cd that patients given morphine frequently show a 
pronounced depression of ^^lal centers which necessitates stimulation 
during the procedure and are often demoralized so that the injection 
must be interrupted. Tlie substitution of atropine sulfate for mor- 
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pliine lias been suggested. 1 have not obsm-ed iinloward dFi-cts of 
Mnall dosw of innrplune in intnicranial complications. 

It IS desirable (o begin the operation in the .\»ra y roon^ wlicii 
proper facilities are lacking, the patient is taken to" flic x-ray room 
after, air has been injected. The procedure proper is comparatively 
simple. Spinal puncture is carried out and cerebrospinal fluid pressure 
determined with the patient in a horizontal position. lie is then di- 
u’ctfd to sit up slowly, wth Uie head moderately flexed on tlic tnink. 
Tliis position is essential to permit the air to enter the \enlricles. With 
the needle in situ, and tins is of utmost importance and cannot he 
sliesscd too emphatically, the Iliiid is withdrawal slowly and a lesser 
Cjuaiitity of air slowly introduced. I prefer to remove only 5_cc. of fluid 
at first and then jri jcct 3 cc. of air. Tlicn, again slowly, 1 0 cc. oMliiu l 
irsvitJidrawii aml&^cc. of airls injected, and so on. Occasionally the 
flow'briliiid stops before the desiretl quantity has been removed. In 
such a case the needle should he shifted slightly or the head bent 
slightly backward. 

Should signs of cardkic collapse flpjiear, the patient must lie 
placed in horizontal position williont removing tlio needle, and 
stim ulants shovdd l>c adratnl5lCrii<r. Arofhalic spirits of amm onia, 
cafTeinc sodium lieiwoblc,'liyp<HToriT^de'ktr'Drer adrenalin, pitu- 
itrin, digifolin or brandy may be used as indicated. The same 
measures are carried out vvlien there is complaint ol nausea. In 
the presence of respirator)’ embarrassment the needle must be 
withdrawn and inlialation of ovygea started without delay. Once 
air lias been introduced, x-rays must be made at once. The ra)s 
should be focused anteroposleriorly, postero-antcriorly and li der- 
a lK- fsterco scopic). It is also desirable to carry out further .x-ray 
studies aft^i-l hdiirs. 

There is no agreement regarding the quantity of air to be in- 
jected ami the ratio to the amount of fluid withdrawn. The 
amount of aic injected has ranged from 15 to 1,500 cc. 1 have 
injcctctl a minimum of 12 cc. and a maximum of 1-10 cc. of air, 
tlic average being 40 cc. Regarding the ratio of air injectetl to 
the fluid wilhdrami, I usually inject less air, without adliering 
to any fixed amount, being guided by the tolerance of tlie iiull- 
\idiml patient. U.sually there has been a dilTcrence of 10 cc. be- 
tween the amount of air introduced and that of fluid withdrawn. 
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Injection of air into the ventricles is by no means without 
danger. For ventriculography the mortality rate is abotit 8.8 per 
cent, and for lumbar cncephalogniphy, about 0.5 per cent. Cer- 
tain factors render lumbar encephalography rather hazardous. 
Some patients have such reactions as headache, emesis, chilli- 
ness, diaphoresis, restlessness, pallor, backache and circulatory 
irregularity. To these should be added paresthesias, mental con- 
fusion and pains in the thorax and abdomen. These sjTuptoms, or 
some of them, may last as long as six days, particularly in patients 
with brain tumor. For these reasons, the procedure should never 
be earned out to the limit of tolerance. After encephalography 
one may occasionally note a rise of temperature to 100.4 F., 
leukocytosis with prevalence of polymorphonuclear cells, an in- 
crease of globulins in the cerebrospinal fluid and stasis in the 
eyegrounds. These after-effects usually disappear within four 
days unless they are caused by the intracranial complication 
and not by encephalography. 

In tlie pre.scncc of intracranial complications one should care- 
fully weigh the indications and contraindications. All clinical and 
laboratory diagnostic measures should be exhausted before re- 
sorting to encephalography, and even then it should be used only 
wlien there is no contraindication. In otolaryngology the avail- 
able diagnostic melliods, other than visualization of the ventricles, 
arc so numerous that instances requiring more drastic measures 
are few and far between. Contraindications to air inflation in- 
clude: (1) comatose states; (2) pronounced disease of tlie heart 
and/or aorta; (3) senility and extreme youth; (4) acute respira- 
toiy' infections, active tuberculosis and furunculosis; (5) in- 
creased intracranial pre.ssurc, characterized by papilledema over 
2 diopters or lumbar pressure over 300 mm. of water in tlie silling 
position and over 200 mm. in the recumbent position, and (6) 
suspected compllcalioiis in the posterior fossa, even in the alisencc 
of signs of increased pressure. If, despite contraindications, vis- 
ualization of the ventricles is absolutely required, the method of 
choice should he ventriculography. 

Frequently lunihar encephalography is indicated in the fol- 
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lowing contlUions: (1) leinporal lobe abscess (Fig. 81, p. 362); 
(2) frontal lobe abscess-, (S) complications sinnilating the clini- 
cal sMJclrome of cerelmil abscess, such as tlic Jivpertensivc phase 
of serous ineningilis (Fig. Gi, p. 290), and (4) malignant tumors 
of the temporal hone and jraranasal sinuses. 

Despite tlie repeatedly emphasized dangers of spread of a 
localized meningitis and niptuic of a cerebral abscess, one must 
consider that injection of air contributes to the maintenance of 
pressure in the crania! cavity and tlierchy reduces the danger 
resrdtvng from decrease in pressure caused hy withdrass-al of 
fluid. 

I have never withdrawn all of the cerebrospinal fluid, as advo- 
cated bj some neurosurgeons in cases of brain tumor. It is possi- 
ble that the N-ray films give licttcr infonnation if the fluid i.s 
entirely replacetl by air. However, in intracranial complications 
the only question wliich encephalography ordinarily is required 
to answer is whether or not there is an abscess in the frontal or 
the temporal lobe. Furllier localization of the abscess is seldom 
ncccssar)'. For this purpose, the technic of cncephalograpliy, as 
described hero, is suniclent. 


Brain 

Anotoinfc refaiioiiship hetiecen feinpornl hone «tid hrafn.— 
Both the anterior ami the jwstcrior wall of the petrous hone 
come in contact with the brain. Between bone and brain are the 
meninges and intcrmcningeal spaces. If an infection originating 
in the temporal hone traseb info tlie brain, it necessarily passes 
through the meninges and inlcnncningcal spaces. The mtcrmcn- 
iiigcal spaces ma)- be narrow or large enough to fonn an arachnoid 
cistema. Broadly speaking, narrow- subarachnoid spaces encour- 
age the e.slension of an infection into the brain, whereas infec- 
tions which enter a subarachnoid cistema may remain there for 
a long time. 

Infections of the tjTnpanic easily and petrous apex lend to 
spread info the cerebrum and Infections of the intenial car into 
the c-ercbellum, wJiereas infections of the lateral sinus lend to 
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s]iread into the cerebellum and, infrequently, into the cerebrum. 
For the purpose oF exact diagnosis it is neccssaiy’ to loam which 
parts of the brain are in topical lelationsbip with the temporal 
lionc. Above the anterior surface of tlic petrous bone, extending 
from the anterior surface of the petrous apex to the roof of the 
mastoid, arc the inferior temporal g>TUS and the fusifonn gyrus 
of tlie temporal lobe (Fig. 21). The posterior surface of the 
petrous bone is adjacent to the cerebellum, and the posterior 
surface of the petrous apc.v is close to the pons and the brachium 
pontis (Fig. 22). The inlermcningcal spacc.s are narrow between 
the ccrebellmn and the posterior surface of the petrous bone, 
whereas between the pctro^is apex and the pons there arc large 
pontile cistcmac (p. 3S). ConsequentU . cerebellar abscesses 
originating from the posterior part of the petrous bone arc not 
uncommon, but abscesses of the jwns originating from the petrous 
apex are extremely rare. The inlcnncnlngeal spaces between the 
anterior surface of the petrous bone and the temporal bone are 
narrow (Fig. 21). 

Anatomic relationship bcttcrcn nasal ami paranasal cailties 
and brain.— The nasal cavity and paranasal sinnses (except the 
maxUlaty sinus) are in topical relationship with the brain. TIic 
roof of the nasal cavity Is the cribrifomi plate (Figs. 17, 55 and 
59), which is one of the most variable parts of the base of the 
sUill. The width and shape of the cribriform plate depend on the 
development of the crista galli and the ethmoid sinus, on the 
height of the somor and on the width of the gyms rectus of the 
frontal lobe. If the crista galli is thin, the cribriform plate is 
xxlde, and vice versa. Tlic plate may have tlie same width on 
both sides, but often is nssininclrical. Occasionally the crista 
gain is bent over one part of the crihrifonn plate and covers it. 
The length of the crihrifonn plate x'arics between 1.6 and 2.7 
cm. and depends on llic length of the olfactory bulb. Its thickness 
varies from fractions of 1 niin. to 2 mm. and is not dependent on 
the thickness of tlie rest of the sVwU. Defects of the crihrifonn 
plate are not catised by intracranial Inpertension iK'Cattsc it is 
coicred and protecttxl In the olfactorx bull) Ilouever, the plate 
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Fic. 22.--rri>jeclion i)f iiDSlprHir surface of ihc pelroiiv boiie on (lie I'erelK'Uum .mil brain sttm <i, internal auditory meatus, 
h, vestibular .ariueduit, c, .n>ex of iulroiis lione. </. Mipttmr auf-le of (ictToiis Imne, c. siRmoid sums (usual location .md average 
width). (Adapleil from Ale’caiider ) * 
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not infreqiicnlly presents congenital dehiscences, particularly in 
its anterior part. It is covered by the olfactoiy bulb and the g)TUS 
recalls of the frontal lobe. 

In the area of the cribriform plate the arrangement of the 
meninges is somewhat complicated (Fig 17). On the posterior 


Fic. 23 -Coronal section througb the orbit (O), lamina pap>Tacca (tp), 
bulla ethmoidalis (B), Infcrfar turbinate (1), middle turbinate (m). itiperlnr 
luibinate (*). crista galli (C) and roots ot the cthmoKls (« and «' ) Note iliiTer- 
i-ncc In lieigbt of the etluinnd roofs on the two sides. 

boundary of the plate llie dura fonns a crcscetttic fold, the con- 
cave margin of which points forward. On the cribriform plate 
proper, tlic dura cannot be lifted from the bone but is finnh 
adliercnt to the bone and serves simplv as periosteum. On llic 
anterior bomularv- the dura fonns another crescentic fold, tlic 
concave margin of which points bacKward. Tliis fold, the tcnlo- 
riiim of the olfactorv' bulb (Trolanl), is continued by the dura 
al the convexity of the frontal pole. The pia-arachnoid covers 
the olfactorv hulh and olfacloiy filaments (Fig. 17). Tlie fila- 
ments with the arachnoid shcatlis niii into the olfactorv mem- 
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branc, wliich usually occupies the greater part of the superior 
turl)inate and tljc opposite part of tlic nasal septum. With this 
analoniic stnictnre, an inflammation extending through the cribri- 
form plate into the shull necessarily invades the subarachnoid 
space. An external pachymeningitis does not occur in this area 
because the dura is firmly adherent to the bone. 

The lateral continuation of the cribrifonn plate is the roof of 
the ethmoid which may be, particularly in the posterior portion, 
in the same level as the cribrifonn plate. In other instances the 
roof of the ethmoid rises up to 0.8 cm. above the level of the 
cribriform plate, particularly in the anterior portion of the 
ethmoid. The ethmoid roofs on both sides frequently arc not on 
the same level (Fig. 23). Tljis anatomic variation can be visual- 
ized on x-ray films in the posterior-anterior exposure. Before 
endonasal ethmoid operations such films always should be taken 
to avoid perforation of the roof of the ethmoid (p. 252). Tlic 
width of the ethmoid roof varies from 0.4 to 1.5 cm. The posterior 
and middle portions of the roof of tlie ethmoid are comparatively 
thick, whereas the anterior portion is tliin and occasionally pre- 
sents congenital dcliiscences. Consequently, surgical injuries of 
the roof occur particularly in the anterior portion of the ethmoid. 
Occasionally the cribrifonn plate extends into the ethmoid roof, 
in xvhich case a few holes can be discovered in the roof lateral 
to the insertion of the middle turbinate (Fig. 23). Apparently 
brandies of the ethmoid nerx'es, not olfactory bundles, pass 
through these holes. 

According to the variable relationship of the ethmoid xvith 
ilie frontal aiTd sphenoid sinuses, flw? IcngtJi of the ethmoid roof 
varies considerably. The roof is covered by the basilar portion of 
the g)’nis rectus and, to some extent, by the gyri orhitalcs (Fig. 
24). Between the brain and the ethmoid roof the intcrmcningcal 
spaces are narrow. The most posterior cell of the etlimoid may 
be adjacent to the tuber cinereum of the brain and may extend 
laterally to the temporal lobe. In rare instances this cell extends 
to the frontal lobe on the other side. 

Owing to the variable size of the frontal sinus, its anatomic 




fsc H — Ptojpclion pf psiatusal on base of tlie biain. Lo, olf.vctory 
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relationship with the brain v’aries considerably. In average cases 
llie posterior wall of the sinus is adjacent to the superior frontal 
g)Tus at llie frontal pole (Fig. 25). If the .sinus has a marked 
temporal recess it comes in contact with the superior and middle 
frontal gyri at the lateral convexiU' of tlie frontal lobe. If tbc 
sinus has a marked orbital recess it is adjacent to tlie superior and 
middle orbital gyri at the base of the frontal lobe (Fig. 24). In 
rare instances a tcmponil recess of the frontal sinus extends far 
back to come in contact with the inferior frontal gmis. For this 
reason wtli a brain abscess originating from tlie frontal sinus, 
motor aphasia caused by a lesion of the cortex of the anterior 
frontal gyrus is not common. If the frontal sitiuses present striking 
asymmetry, the larger sinus may come in contact with both cere* 
bral licmi.spberes (Fig. 24), and right frontal sinusitis may cause 
an abscess in the left frontal lobe. The posterior wall of tlie frontal 
sinns is alway.s tliin, even wlien the sinus is small. Rarely, a con- 
genital dehiscence is found. The intermeningeal spaces between 
tlio brain and tlie posterior wall of the frontal sinus are narrow. 

Tlie roof and lateral wall of llie sphenoid sinus come in con- 
tact with the meninges and brain. Between the lateral wall and 
the brain are the cavernous sinuses and optic nerves. Infections 
which penetrate the lateral wall of the sphenoid sinus must attack 
these structures before lliey spread into the brain. Likewise, a 
large part of the roof of tbc sphenoid has no direct contact with 
the brain proper but docs have contact with the Iiypophysis. 
However, in front of the hv’pophysis, and occasionally behind it, 
the roof is in more immediate contact with tlie brain. In front of 
tbc hypophysis is ih.c optic chiasma (Figs. 24 and 25), and in 
front of the chiasma is the planum sphenoidale, formed b}' the 
roof of tlic sphenoid or, eventually, by the roof of an ethmoid cel! 
overriding the sphenoid. Tlie planum sphenoidale consists of tliin 
hone and is adjacent to tlie posterior part of the gyms rectus and 
tuber cincreum (Fig. 24). Beriveen the planum sphenoidale and 
the brain is the cistema chiasmatis (Fig. 26, posterior part of 4). 
Tliis cistema becomes involved first if an infection originating in 
the sphenoid or posterior ethmoid sinus travels through the 
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planum splicnoidalc. Exceptionally, the sphenoid sinus extends 
beliind tlie hypophysis (Fig. 24), and in rare instances it may 
invade the basilar bone and extend into the posterior cranial 
fossa. In the latter instance the sinus comes in contact uith the 
anterior pole of the temporal lobe and the basal surface of the 
brain stem (Fig. 25); but this contact is not immediate because 
between the brain stem and the sphenoid sinus arc tlie arachnoid 
cisternae at the base of the slaill (Fig. 26). The sphenoid sinuses 
are often asymmetrical (Figs. 24 and 26), in which case the 
larger sinus may come in contact with both frontal and temporal 
lobes. 

To sum up, between tlie frontal and ethmoid sinuses and the 
brain are narrow meningeal spaces like those between the greater 
part of the petrous bone and the brain. Between the sidicnoid 
.sinus and the brain arc arachnoid cisteniae like those behvecn 
the petrous apex and the brain. Tlie anatomic relationship of the 
cribriform plate witii the meninges and brain is similar to that 
of the internal auditory meatus with the meninges and brain. 

Anatomic relationship between pharynx and broin.— Between 
the nasopharjiix and the meninges is the thick bone of the 
sphenoid body and os hasilarc. Barely, there is a patent canal, 
called canalis craniopharyngeiis, which perforates the sphenoid 
body. Along tin's canal the cmbrj'ologic entoderm of the pharynx 
extends to form the anterior lobe of the liypopliysis. The canal is 
usually obliterated after birth. If it remains patent, the openings 
are at the highest point of the sella turcica and on the inferior 
surface of the sphenoid body immediately behind the in.sertion of 
the vomer. Here the pharyngeal hj^pophysis is found. Occasion- 
ally the canal becomes verj’ large, harboring a trans-.splien()id 
cephalocele (p. 34). In such instances there are frequently asso- 
ciated congenital defonnities of the skull such as cleft lip and 
cleft palate. In a few such cases on record, an adenectomy done 
because of incorrect diagnosis was followed bv fulminating 
meningitis. 

Tlie connections of the pharyiLx witli the meningeal spaces 
and brain by way of the parapharxiigcal spaces are especially 
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Fic. 27.— Pliar>'ngoinaxiIlary space jminedJalely below base of tlie skull 1 , roof 
of eplpbar>'nx; 2 , superior constrictor muscle; 3, pterygoid process, 4 . tensor veil 
palatmi; 5, levator veli paUtini; 6 . nsccnclmg pbar>ngeal artery. 7, intcnul 
carotid artciy; 8 , vagus nerve; 9, glossopl»arynp?al nene, 10 , spinal accessory 
nerve; 11 , byixiglossa] nerve adiacent to superior ganglion of s>nipjtlietic nerve, 
12 , intcrn.il jiigiil.tr vein, 13, stylini] process awl stylopli,ir>'ngea1 muscle, 14 , oc- 
cipital arter); 15, facial nerve, 16 , masUnd pnicc'ss, 17 , auriciilnlenipor.il nerve, 
IS, parotid gland, 10 , superficial temporal artery, 20, iiilcmal inatitlar> arttr>, 
21 , in.tndible, 22 , mfrrior alveolar nerve; 23, lingual nene, 21, middle mcninge.il 
artery, 2o, internal maxillary artery, 26 .md 23, external and internal pterygoid 
muscles; 20 , ptcrygnid process; 30, corpus adiposiim (Hicliat); 31, masseter mus- 
cle. {Atiapted from Testut ) 

and several lymph jiodcs. TItis space does not extend itito the 
interior of the shull and therefore has minor significance in 
intracranial complications. Of greater importance is tlte pliaryngo- 
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niaxillary space, close lo the lateral wall of the naso- and oro* 
phaiynx. This space consists of an anterior and a posterior com- 
partment. The anterior compartment lies mesial to the mandible. 
In its inferior portion it is mesial to, and in its upper portion be- 
hind, Uie internal ptciygoid muscle (Fig. 27). It extends up lo 
the base of the skull and anastomoses with the dura and caver- 
nous sinus along the pterj'gold plexus, the third branch of the 
trigeminal nerve and the middle meningeal artery’ (Fig. 27). 
Infcriorly it cuds as a ciildcsac at the stsloroandihular ligament 
and the upper pole of the suhinaxillai^' gland. The middle por- 
tion of the anterior compartment contains loose connective tis- 
sue, lyniph channels, lymph nodes, muscles having their inser- 
tion at the styloid process, the internal pter^-goid muscles and 
the parotid gland. The inferior portion contains loose connective 
tissue, lymph channels, lymph nodes and the glossopharyngeal 
nerve, and the upper portion (Fig. 27) contains loose connective 
tissue, lymph channels, lymph nodes, bolli pterygoid muscles, 
the muscles of the soft palate, the veins of the pterygoid plexus, 
the inlcnial maxillary artery with its branches (middle meningeal 
artery), the third branch of the trigeminal and the parotid gland. 

The posterior compartment of the pharyiigomaxillary' space 
extends to the base of tlic skull and anastomoses with tlie dura, 
tbc lateral and cavenrous sinuses along tbe sheatbs of the internal 
carotid artery, the internal jugular vein and the posterior cranial 
ncrx’es (Fjg. 27) Inferiorly' it e.xtcnds to the tipper aperture of 
the chest. Its principal contents arc essentially’ the same at all 
levels: loose connective tissue, the internal carotid artery', the 
intenial jugular vein, the deep cervical glands and the posterior 
cranial and syinpalhetic nencs (Fig. 27). 

The following pathwass lead from the phamigomaxillary 
space to the meninges am! eventually into the brain. From tbe 
anterior compartment tbe veins of the pterygoid plexus nin into 
tbe ca\eniotis sinus, tbe middle meningeal arters' into tbe dura 
of tbe anterior cranial fossa, passing tbe foramen spinosum, and 
tbe third branch of the trigeminal nerx’c into the arachnoid cis- 
Icma of the cavity of Meckel (p. 09), passing the foramen ovale. 
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From the posterior compartment the internal carotid artery runs 
into the cavernous sinus, and the internal jugular vein into the 
sigmoid sinus. From both compartments loose connective tissue 
extends toward the base of the skull. Infections of this connective 
tissue (Fig. 54, p. 220) may spread toward the base of the 
skull to cause osteomyelitis and inflammation of tlie adjacent 
dura. Infection originating in the pharyngomaxillary space tliat 
reaches the meninges may eventually spread also to tlie brain, 
particularly into the poles of the temporal lobes. Cerebellar 
abscesses caused by an ascending infection along the internal 
jugular vein and lateral sinus are not known. 

Vtiscularizalion of ccrehrttm and cerebellum.— The entire 
vascular system of the ccrebnim extends into the pia and sub- 
arachnoid space and spreads over the stirface of the brain, includ- 
ing the sulci of the cerebrum. The vascjilar system of the pia 
gives origin to the cerebral Idood vessels, which form a right 
angle wills the blood vessels of the pia (Fig. 14), 

The anterior, middle and posterior cerebral arteries break up 
into smaller brandies until they form an arterial network within 
the subarachnoid space. Up to this point there seems to be agree- 
meiit regarding the vascular distribution. The vascularization of 
the cerebral cortex is, liowcver, controversial. According to the 
old concept, the arterial network of tlie pia give.s off two types of 
liranches which* penetrate the cortex. The first tj’pe consists of 
short cortical arteries which have a very thin wall, break up into 
smaller precapillaries and capillaries and are nutritive arteries 
of tlie cortex. TIic second type consists of long arteries which 
penetrate the cortex and, without giving off branches to the 
cortex, break up into smaller vessels in the .subcortical white 
matter. Tlicse are end-arteries; that is, they do not anastomose 
with each other. 

Recent investigations have markedly changed this concept. 
Ac'cording to the current view, there are no blood ve.sscls, either 
arterial or vcnotts, that exclusively ser\*e either the while matter 
or the cortex. The long arteries, after giving off numerous 
branches to the c<)rtc.x, form a dense network in the white mat- 



82 


AXATOMV AND I’HYSIOLOC.Y 


ter. Furtliemiore, tlicrc are short cortical arteries whicli lircak 
lip into capillaries within the cortex. There is a free capillary 
anastomosis in the brain» and, in addition, it is likely that minute 
\esscls of the order of prccapillarie.s anastomose with preeapil- 
laric.s. The blood is carried fron^ the brain by veins wbiclv run 
in two directions, crossing tlie white matter and carr)’ing blood 
mlo the deep veins of the brain stem and the vena galcni, estab- 
lishing a transverse irrigation of the cerebral hcmisplicrc. Fur- 
thermore. there are numerous veins originating in the capillaries 
of the white matter and miming back toward the pia, where they 
fonn a venous network. From this netwoik the blood nms into 
the menmgeal xeins and finally into the dural sinuses. This ar- 
rangement forms a short circuit between the arteries and the 
veins of the cerebral cortex. In the cerebellum the arrangement 
of Hie blood vessels is essentially the same as in the cerebrum. 
f/ylCIcctrocuccplKilo'^rafthtj.—TUis procedure consists in the 
measurement of the electric currcnls produced by the human 
Iirain. Four to six electrodes arc fastened to the scalp, usually two 
or three on each side of the head. 

Tlie hair is not cut. Tlie scalp is lightly cleaned over areas 2 cm. 
in diameter in the frontal, parietal and occipiLi] regions. Into these 
clean surfaces .i hit of ordinary' electrocirdiograplilc electrode paste 
is uell rubbed A 5 or 10 inni. flat snider disk fused to the lured end 
of a no. 32 enamel svi're forms the elcctrmle. Tlie disk is placctl firmly 
on liic electrode paste and coseretl with collodion, which is driid by 
d compressed air j<t nr hairdrier. The drietl collodion holds tlic elec- 
trode firmly to the scalp. The other end of the wire is fastened to n 
pin jack for insertion into the p.inel board, connected by a shielded 
iniiltiwire cable to the recording apparatus. There should be 5.000- 
20,000 ohm resistance, as measurcrl with a pocket tester, between any 
two electrodes on the scalp. Ulicn the electrodes are in plact* the pin 
(lids arc plugged into the l>n.ird at the paficnl's head. Tlie .subject is 
told to close his eyes, relax his facial, jaw and neck muscles and ho as 
(jiiiet ns jwssible 

Tlic* recording .and amplifv’ing apparatus receive the pulsating 
electric waves picked up fmin the scalp electrodes and amplifies them 
about tt millinn times, so that they are strong enough to niovc a pen 
which records the waves on rolled paper. Tlie electric discharges from 
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the brain appear as wa\y ink lines directly on the paper. The speed 
of the moving recording paper is constant, 3 cm. per second, and usu- 
ally a liming pen marks off each second. The voltage of tlie actual 
brain wave is one twentieth of that of tlie electrocardiogram, hence 
the complicated apparatus required to register it. 

The normal electroencephalograms of healthy individuals 
disclose two general cliaracteristics. (1) There are two types of 
iioimal brain rhythms, and all persons with a normal central 
ncrv'ous system sliow varying \’alues for these two groups. The 
first, or alpha, waves have a frequency of 8-12 per second, with 
smooth, regular and clearcut patterns and voltages ranging from 
30 to 125 microvolts. These waves temporarily disappear when 
the eyes arc opened or if the subject lias a problem to work out. 
Tlic second, or beta, waves have faster frequencies, 19-30 per 
second, less regular patterns and lower voltages, 10-30 micro- 
volts. They are unaffected by attention oi effort. (2) Tlicse nor- 
mal waves arc found over all parts of the brain accessible to the 
surface electrodes on the scalp, tlie alpha type being more 
prominent in the occipital region. 

In patients with diseases of tlie brain, particulaily when tlie 
patliologic process is near the surface, as in the cortc.x or white 
matter bencatli it, the frequency of the waves, is usually greatly 
slowed, to 2—5 cycles per second, and the \nltage is increased 
from 75 to 300 microvolts. Less frequentb tlieit aie abnormal 
waves of increased voltage in intermediate fietpiencies, 14-18 
cycles, or 28-34 cycles. The abnormal elcctncal activity m the 
human Ina'm is distributed into three categoi les { 1 ) paroxysmal 
laiTsis of aVmonnal waves lasting for secimds to miwstes and 

appearing in a record otherwise normal, seen inepilepsv; (2) gen- 
eralized, continuous abnormal waves noted all o\cr the brain at 
all limes, seen in trauma, enceplialitis and otluM brain diseases; 
(3) localized, continuous abnormal \ra\cs, found in tumors and 
abscesses of tlie brain. 

Tlie advantage of electrociicephalograpliie study is obsious: 
the procedure does not luiit the patient noi docs it emdanger 
his life. The disadvantage is that the apparatus is delicate, highly 
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sensitive ajid expensive. From the otolarjiigologic point of view, 
it must be emphasized that l^ions in the posterior cranial fossa 
are the hardest to localize by means of electroencephalography. 
In cases of cerebellar .abscess electroencephalography is, us a 
nilc, a faihtre. The clinical value of electroencephalography in 
otorhinogenovts abscesses of the ccrchrwm is not definitely esta!)- 
lished. 
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SECTION II 


Clinical Aspects 



CHAPTER TWO 


Inflammatory Diseases of the 
Dura Mater 


Pachymeningitis Extehna (Extuaduiuxl AuscI':ss) 

Pachymeningitis externa Is an inflammation in and on tlic* t*x- 
tcnial layer of tlic dura. Since the external layer of the dura 
serves os the internal periosteum of the skull, pachymeningitis 
externa is an internal periostitis of the skull. 

PATIIOLOCY 

In all types of intracranial complications a part, or all, of 
four tissues arc exposed to infections: (1) the mucosa of 
tlic tympanic cavity or the paranasal sinuses, (2) bone, (3) 
meninges, and (4) brain. The first tissue to bo involved is in- 
variably tlie bone. The infection may travel tbrough the bone 
by contiguity or by continiiilv- In either case the soft tissues 
of tlie bone, namely, tlic blootl vessels, periosteum and endostenm, 
are the first to respond to the infection. The most important arc 
the blood vessels, which arc most frequently venous and run 
from the mucosa to the dura and therefore arc called anastomos- 
ing blood vessels. A great number of blood vessels of this t)pe 
nm through the tegmen lympaiil, the fioor of tlic tympanic 
cavity, the mesial wall of the mastoid antrum, the bony plate of 
the lateral sinus, tlie posterior wall of the frontal sinus, the roof 
of the ethmoid and the roof ami the lateral wall of tlic sphenoid 
sinus. The infection may travel either within the walls of these 
blood vessels exclusively or within both the walls and the lumen 
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of the \csscls. In the first instance the condition is called peri* 
phlebitis, and in the second, thrombophlebitis. Tlie infection of 
the blood \’csscls, periosteum and endosteum results in osteitis 
or osteonnelitis. Osteitis involves bony plates which do not con- 
tain marrow, whereas, in osteomyelitis, infection of the marrow 
is the most important feature of the disease. 

Infection of the soft tissues may liave a .striking effect on the 



Fic 2S.— E^tradiirj] atnerssrs caim-tl Iiy infection ti) cnniiiuifty (u) .iiid )>> 
oinliRiiil) (b) J, infl.inKit muciMa. 2, Ijoni*. 3, dtiTd, -f, sutxliirid spocc, S, siiIh 
nrncImiiKl sp.nv, fi, pia, 7. tnrain. 


hard tissue of the hone and or marrow, or it may travel through 
the hotvc without leaving gross changes. In the first instaticc the 
osteitis gives rise to infection of the dura bv contlguitv, and in 
the second, to infection bv coiitiiuiitv (Fig. 28). In infection 
In contignity the jnflametl soft tissue causes destructive and 
constructive changes of the bone. Tlie destructive cliangcs in- 
clude absorption of bone bv osteoclasts or necrosis of bone 
ihrottgh throiniwsis of the blood vessels. Crosslv' the bone he- 
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conics discolored and necrotic and eventually may be entirely 
absorbed. Tlie constructive changes consist in the formation of 
osteophytes or sclerosis of bone. Altliough destructive and con- 
stRictivc changes are usually associated, in the active phase of 
inflammation the destructive changes predominate and the con- 
stnictive changes predominate when inflammation is subsiding. 
When bone involved by osteitis or osteomyelitis is in contact with 
tlic dura, the infection may spread to the adjacent dura. This 
is infection by contiguity and indicates direct extension of the 
infection through loss of continuity of tissue. 

In contradistinction, infection by continuity indicates that 
the infection travels from Uie mucosa to the brain along pro- 
e.xisting cJiannels without causing loss of continnft)' of tissue, 
and even without causing gross tissue changes (Fig. 28). Among 
tlic pre-c.visting channels, the anastomosing blood vessels arc 
of utmost importance. Other such channels are; congenital dehis- 
cences of the bone, especially those in tlie tegmen tympani and 
cribriform plate; internal auditor)* meatus; vestibular aqueduct; 
cochlear aqueduct; facial canal; connective tissue of the subarcu- 
ate fossa; sheaths of the olfactory filaments; sheaths of the third 
branch of the trigeminal neive; loose connective tissue of the 
pliar)Tigoma\illary space; veins of the pter)*goid plexus; sheath 
of the great blood vessels of the nech, and, rarely, a patent 
pharyngocranial canal. L)Tnphatlcs play a minor role, e.xcept in 
certain infections which originate in the nasal cavity or phaiymx. 
All tlicsc channels arc narrow, and when they become involved 
by infection it is seldom possible to visualize them with the 
aakci! eye. For this reason fissttes harboring infected chan- 
nels may appear to be grossly normal. To the surgeon, a 
tegmen t)’mparu’ or a posterior wall of the frontal sinus ?nav 
appear to be nonnal even though the anastomosing blood vessels 
witliin these bony plates present perivascular infiltration or throm- 
bophlebitis on microscopic examination. 

External pachymeningitis may l>c caused by inflammation of 
the (1) tympanic cavity, (2) mastoid process, (3) internal ear, 
(4) apex of the petrous hone or (5) frontal sinus, It is rarely 




Fifi. 29A— Spction through ciistachinn tube (T) and wdileu IC,), the l.illtT 
filled with piinilcnt exudate a, inteninl la>CT of dura, separated frnm cvteriial 

I. i>pr (/>) b> artefact, T,, tegtnen tympani, F, fr.ic-tiire of legmen tynipam; 

II, tensor tympani, Vll, gi-innitale ganghnn. c, marrow spate wJiitli nnastoinoscs 
with exteni.d dura l.iHt, ch, thonia tvmpjni Insert shows the two dural l.iyen 
The Interna! layer contains numennis »ems lint no arterial sesscls Tlic cttenial 
layer contains several small .irtefies ami venules with sparse ]Hriva$cn1ir inBItra- 
lion, indicating initial pliaM- of externa! pathynienlngilis due to infettwii hy 
continuity. 


Vi 




Fic 29fl.— Same case as \wpc«Iing, cttcmal pacli>meningitis more advanced 
Section tlirongli ctistadiian tulw (1) and cochlea a, internal laver i>F dura, sejv 
arated from external layer (e) by artefact. T, legmen tympani containing numer- 
ous pneumatic cells filled VMlIt purulent exudate; T. fracture of legmen; tt, tensor 
tympani; gg, geniculate ganglion, c, marrow space, which contains small artery, 
thrombosed venule and dense infiltration and anastomoses with external dural 
layer. (Compare insert) 
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due to inflammatioTi of the ethmoid or sphenoid sinus and ne\or 
to inllannnation of the nasal cavit\ . Tlic infection lra\ els either by 
contiguity or bv conthiuilv (Fig. 28). In tlie initial phase tlicre 
is a redness on the outside of the dura caused by infiannnalory 






Fic. aO.— Sctlum tlinmgJt tympana caMt> (/c) anJ voliliulc «>f inner r.ir 
(V) fillwl witti pus VU, facial ner'c. If, twwir t>Tnpani, si, stapes, o, ov.il win- 
cloNV filled >»Slli inmdcnt «ttdate. P. pn>i«r.nt«»0 . ra. mtmljt.nie of nnind \m«- 
di>w. o, iMieitni nf mesial wall of st'slilnile, r. extradural aliscess ixtwicn diini 
(O) and tegnien (ympaiii {T) 


h)-peremia. and the dtira is covered by a layer of fibrin. In ad- 
vanced C“.ises the dura is covered by granulations which, after 
a time, may become necrotic. Microscopically the dura presents 
edema of the connective tissue and a striplikc infiltration extend- 
ing to the endothelium of the dura. Tlie outer laver of the dura 
is replaced by granulations. 

Sometimes frank pus acciunnlates between dura and bone, 
forming an cvlradural alwcess (Fig. 30). Tlte formation of such 
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ati abscess dcpeiuls chiefly on the following factors. ( 1 ) T\pc of 
Infection: in acute otitis ci«i.st‘d by pncnniococfus Upe III, ex- 
tradural absc'css is especially common. (2) Attaclmjent of dura 
to the hone: if the dura is firmly attached to the hone (Fig. 1), 
a great amount of pu.s cannot accumulate between bone and 
dura unless the bone is necrotic. (3) Pathologic changes in bone; 
if there is a perforation of bone, the purulent exudate produced 
hy external pachjineningitis escapes into thv tympanic cavit) 
or frontal sinus. The last-mentioned are the open extradural 
abscesses that occur with cholesteatoma of the UTopanic caxity 
or osteomyelitis of the frontal bone. In contradistinction are the 
closed extradural a!)scesses that occur particularly with infections 
due to pneumococcus U-pc III. In these cases the necrosis of 
hone may not exceed the size of a pinhead. Beneath a necrotic 
area of this size a luige extradural abscess may be hidden. 
Closed extradural abscesses usually contain more frank pus tlian 
open abscesses. Commonly the pus contains the same bacteria 
ns the ptis in the tympanic cavity or paranasal sinus. 

Tlicrc arc different t)'pes of ologenons e.xtem.il iwcliyjncningj- 
tis, so far as the localization is concerned: ( 1 ) lateral pachymenin- 
gitis of the middle cranial fossa; (2) mesial or deep pacb) men- 
ingitis of the middle crania! fossa; (3) lateral pacluTncningitis 
of tlic posterior cranial fossa (persinus abscess); (4) mesial 
or deep pachvmicningitis of the posterior cranial fossa. 

In general, pach)'nicningitis of the posterior fossa is more 
common iban pacb)Tncningllis of the middle fossa, and perisinus 
abscess is more common than deep pach)Tneningitis of the pos- 
terior fossa. Lateral pachymeningitis of the middle fossa (Fig. 
SO) involves the dura above the tegmen and may extend over 
i:\rge areas of the cerebral hemisphere. It is more often caused 
hy chronic otitis, particularly a cholesteatoma, tlian by subacute 
otitis and i.s almost invariably associated with necrosis of the 
tegmen tvTnpani and or tegmen mastoideum. In subacute otitis, 
parliciilarl) in cliildren, pachymeningitis is caused occasionally 
hy necrosis of the root of the malar bone. Deep pachymeningitis 
of the middle fossa involves the dura at the apex of the petrous 
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bone and is most often caused by subacute otitis media uliicli 
extends to the apex of tbc petrous bone, provided the latter is 
pneumali/.ed. In general, this tj'pc of pach)TneningUis is not com- 
mon and does not spread. Perisimis abscess involves the dura 
mesial to the lateral sinus and is caused by necrosis of the bone 
in Trautmat\n’s triangle. The necrosis is us\»ally due to ac;Re 
or subacute otitis. This ty'pe docs not spread. Deep pachymen- 
ingitis of the posterior fossil invob'es the dura between the in- 
len>al auditory meatus and the vestibular aqueduct. It is caused 
by piinilcnt labyrinthitis which has perforated into the posterior 
fossa or by an infection of the retrolab\Tinthine cells, if the tem- 
poral bone is well pneumatized. Tliis type is often associated with 
retention of pus and, for this reason, is the most dangerous type 
of extennd pachsTiieniiigitis, giving rise to cerebellar nl)scc.ss 
atuDor meningitis. 

niiiuogcnous pachymeningitis usually originates in nn hifcc* 
tion of the frontal sinus. The infection may travel through llic 
posterior wall of the sinus and may cause— usually by contlguit) 
—an external pachyineulngilis which commonly remains localized. 
Or the frontal sinus infection gives rise to osteomyelitis of llic 
sVull whicli, in turn, causes extenia! pachymeningitis. Tlic osleo- 
myelilis which most often causc.s pachymeningitis is the acute 
form will protracted course, both tbc spreading and the self- 

Ci.A>st»icATici> o* Riiinckjenols OiTtovnuiTiH or rut Skvu. 


I. Acute osteomjelitis 2. Chninic nstcomyelilK 



Spreading Self-limiting Chronic Primary 

(Secondary) 

limiting type (see tabulation). Several writers have stated that 
in the spreading type infection extends more rapidly along the 
dura than in the bone marrow or external periosteum. In these 
instances the external pacliyineningitis caused by osteomyelitis 
may e.xtcnd over large areas of the cerebral hemispheres (Fig. 
31). At the base of the skull cither the dura is not involved or 
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there is CKtemal pacli)'inenmgitis which, however, does not ex- 
tend beyond the roofs of the orbits. With ear infections, lateral 
pach)'nicningilis of the middle fossa also tends to spread over large 
areas of the hemisphere (p. 95), hut the spread is limited to tlie 
dura. The bone is not involved, because spreading osteomyelitis 



Fjc. 31.— EslL-nsi\c cslernal pactrtTneiiingilK (P) follow'ing acutp spreading 
osteomyeliUs of tlio skull, a, a,, reflected skin flaps; b, parietal bone forming a 
scfiupstruni; c, necrotic Ixine wtfi numerous fistulas. 

of the skull rarely originates in an infection of the tympanic cav- 
ity, except occasionally in infants or subsequent to fractures of 
the temporal bone. In die self-limiting type of osteomyelitis a 
sequcstnim is usually formed, and there is aKrajs pach)'menin- 
gilis beneath the sequcstnim. 

A girl, aged 9, had oslcxmiyelitis of tlie frontal bone following 
scarlet fc\’er. Tlic dura beneath the sequestrum %vas cttrcmcly thin, 
neneath the dura was an arachnoid cj’St filled with char cerebrospinal 
fluid. During ri‘mo\al of the sequestrum the cyst was tom and cere- 
brosjiinal fluid escaped. Ncvcrtlieless recovery was uneventful. 
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dural abscess associated with aseptic meningitis is fatal in chil- 
dren. Death is caused not by the infection but appareiitly by 
acute intracranial h)pcrteiision, indicated by unconsciousness, 
epileptic attacks and respiratory paralysis. Not infrequently ex- 
ternal pacb)ineningitis is a prcliminarv phase of a brain abscess 
(p.325). 

3. External pacbjmcningitis, particrdarly in the middle crani- 
al fossa, may undergo spontaneous rcsolutiotv if it does i\ot ex- 
tend too far and is not marked. This is proved by the microscopic 
finding of small osteophytes on the legmen tympani in temporal 
bones in which a radical maslotdectom)' was performed svithout 
exposure of the dura, and by cases in which nonnal dura has been 
exposed at a mastoid operation and neccssnrilv becomes infected. 

.SVXtPTO.MATOLWV 

Systemic syuiptoms.^-Thc patient is seldom acutely ill and 
there is no euphoria. The temperature is normal or only .sligldly 
elevated, even with a perisinus abscess. However, the tempera- 
ture rises Immediately when the infection invades the suba- 
rachnoid spac-c or a <lural sinus. Pulse and blood do not present 
abnonnalities. Esen in cases of extensive pachymeningitis and 
osteomyelitis there is only moderate leukocytosis. The sediincn- 
latioii rate is nonnal; in incipient osteomyelitis it may he sliglilly 
increased. 

Gencrai hraitt stjmploms.—Smce in pach) meningitis the ners’es 
of the dura arc imolved, headache is an important symptom. 
It is continuous, with periodic exacerbations, boring and dull. 
With perisiinis abscess it is often throbbing but, in general, is 
{Kit as severe as with hrain abscess a«d incipient meningitis. 

Headache is an important symptom of all tj'pcx of intra- 
cranial complications but lias different significance in acute and 
chronic infections of the car and in frontal sinusitis. In acute 
otitis and acute mastoiditis headache is not outstanding; if it is 
noted at all, it occurs at the onset of otitis and is mild. Therefore 
intense headache with acute otitis indicates an intracranial compli- 
cation, althougli not necessarily cxtcmal pachymeningitis, unless 
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iJjcre is nephritis, brain tumor or other disease knovvji to cavso 
headache. In this respect one should not be content with a tenta- 
tive diagnosis. In ear infections, severe headache must be attrib- 
uted to the ear unless another cause is proved. This is particularly 
true for localized headache which, in ear infections, strongly 
sugge.sts a pachymeningitis. There are different patterns of head- 
ache in otogenic paclnTneningitis. With perisimis abscess, head- 
ache is commonly localized in the occiput or forehead; with 
lateral abscess of the middle cranial fossa it is localized in the 
area of the temporal squama or, occasionally, in the vertex. With 
deep extradural abscess of the posterior fossa headache is local- 
ized in the occiput or forehead, and there is often pain in tlie 
neck without rigidity. Because of this type of pain or vertigo, 
these patients often present torticollis. With deep extradural ab- 
scess of the middle fossa the gasserian ganglion and branches of 
the trigeminal ners'c may l)e involved, causing trigeminal neu- 
ralgia. 

With acute infections of the frontal sinus, hcadaclie is promi- 
nent regardless of wlielher the sinus infection is associated witli 
pacliymeningitis or not. 

Chronic otitis, particularly cljolesteatoma of the t)’mpanic 
cavity, does not cause headache. Tlierefore headache indicates 
an intracranial complication or, at least, necrosis of the tegmen 
lympani. If there is only external pachjTncningitis, headache is 
not severe and may disappear if the pachymeningitis continues 
for a long period. With chronic infections of the paranasal sinuse.s, 
headache has no definite character and is of low intensity. Days 
and weeks may pass by \Wthout headache; but the pain alwajs 
returns in the .same part of the skull. Chronic infections of the 
.siimscs do not cause intracranial complications unless there is 
an acute exacerbation associated with retention of pus or acute 
osteomyelitis originating from the chronic sinusitis. With acute 
osteomyelitis there may be pain as well as headache, both svanp- 
loins being of moderate intensity. Headache is due to pachy- 
meningitis, and pain is caused by Inflammation of the external 
periosteum and is referred to edematous regions of the skvill. 
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Tendeniess of tlie skull is uncommon except with pachy- 
meningitis from acute osteomyelitis. Occasionally there is slight 
tenderness of the temporal squama with lateral abscesses of the 
middle fossa and of the occipital squama witli perisimts abscesses. 
Percussion of the skxill frequently yields useful results. Particu- 
larly in lateral abscesses of the middle fossa and in adults, the 
sound on the involved side is duller tlian that on the otJier side. 
Percussion is simply performed with the fit^ger; special instm- 
ments are not necessar)’. Changes of the optic disks are rare 
When present they are probably caused by secondary serous 
leptomeningitis. Cerebrospinal fluid is normal. With secondary 
involvement of the leptomcninges, the cell and globulin contents 
are increased. With perisintis abscess with secondar}* localized 
leptomeningitis the cerebrospinal fluid is cloudy but docs not 
contain bactena. Drowsiness, vomiting and slow pulse arc not 
significant in pachsmeningitis, although liiey occur wlien the 
leptomcninges become involved. 

Focal hrain stjoiptonts.— These symptoms are not pre.sent in 
most casc.s of perisinus al)scesse.s. However, in a baby, aged 11* 
year, with lateral pachymeningitis of the left posterior fossa due 
to acute otitis, I observed spontaneous rolling movements of the 
Itody to tlie right and ataxia of the left arm. The baby recovered 
after drainage of the extradural infection. Witli deep extradural 
absccssc.s of the posterior fossa, focal brain symptoms sucli as 
dizziness, nystagmus toward the involved side or toward l>nth 
sides and past pointing with the arm of tlie involved side are 
common. Tlie differential diagnosis between deep extradural 
a\)scess of the posterior fossa and cerebellar abscess is often dif- 
ficult. With lateral padrynwningitis of the middle cramal fossa, 
focal brain ssniplonis may develop if the abscess roaches con- 
siderable size. In these cases paresis of the extremities, epileptic 
attacks and even nominal aphasia have been noted The focal 
sjinptoins of deep p.'ichymciiiiigilis of the middle fossa are dls- 
cuss«l on page 115. 

Ear sijwplotm — I’.ichjmcnlngilis may he due to suhaciile or 
chronic otitis or purulent !ah)Tlntliiti$. Trtxjuently the pachymeu- 
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ingitis originates in subacute otitis associated with abundant 
secretion and sagging of the superior and posterior walls of tlie 
CAlernal canal. Neither symptom signifies pach)7neningitis since 
both may be due to simple mastoiditis without dural involvement. 
Sagging of the superior wall of the external canal alone is usually 
caused by an e.xtradural abscess originating in an infection of 
tlie root of the malar bone. TJiese cases arc not common. A more 
significant finding is the definite decrease of systemic and general 
brain symptoms of acute otitis simultaneously with the appear- 
ance of an abundant discharge from the ear, indicating that an 
extradural absces.s has perforated the tympanic cavity. Anollier 
suggestive cliange may take place in acute otitis whicli lias defi- 
uilely decreased over several days: if, suddenU, more pus escapes 
from the ear with pulsating rhythm, the tentative diagnosis of 
e.xtradural al)sccss cau be made, except in infants, in whom this 
may occur with a simple stibperiosleal abscess of the mastoid 
which lias drained into tlic tympanic cavity. 

Acute otitis caused by pneumococcus type III (mucosis otitis' ) 
is a comparatively frequent cause of pacliymeningitis. Apparently 
the infection of the Umipanic cavity may undergo spontaneous 
resolution, with the dnim membrane gray and intact and oven 
the liearing normal. Nevertheless, operation may reveal extensive 
destruction of the mastoid, a mastoid antrum more or les.s ob- 
stnictcd by granulations, connective tissue or exostoses and a 
huge extradural abscess in the middle or posterior fossa. Excep- 
tionally, c.xtenial pacbsTUcningiiis develops in tlic early stage of 
acute otitis. In a boy, aged 6, 1 drained a large area of pach)anen- 
iugtlh of \be fossa on \bo fiClcon\b day of aevde ofdis. 

lie had a persistent petrosquamous sinus (p. 26). 

In chronic otitis the usual finding is cholesteatoma or acute 
exacerliation of chronic otitis. In addition, there are clinical symp- 

iTtio of nuinwh oUIm is not atwa)^ liAsed on b.ictcrioloKic exam- 

iii.itions. Frequently the dlniciil (Inilinf^ permit tlic diagnosis: gradual onset of 
tlic illness; liidcRnitc cliangcs i>f llic drum membrane; marked diminution of 
!i«-aiing. svliicH K not improved liy air inflalion; marked tinnitus; motleralc pain 
l^ter, tlie innanimnlion of tlic tympanic cavity may undergo spontaneous cure, 
vsliile tlie infection tr.ivrls along narrow channels in the bone, particularly in tlic 
walls of prTilab>Tinlliine pncvimatic cells, Ims.'ud Um* meninges. 
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toms of mastoiditis (edema and tenderness at the tip of the Jnas* 
toid and sagging of the superior and posterior walls of the ex* 
lemal canal). It should be recalled that clinical sxmploms of 
mastoiditis in a case of chronic otitis usually indicate an intra- 



Fj(. ai —Puffy tiimor of Poll, nsleomyelitu frf llie frontal inaxitlary priHW. 
irunlal and n-aial lunu’S foDiiwing radical o{.<cration on l)ic nglit miuOUr) 

siiiii] and fi>dotiasal rllmioid opcraliuti on Uic rlgtit 

cranial complication sttch as pachjweningitis or incipient lepto- 
meningitis (p. 301). Chronic labsTinthitis ciuiscd by a choles- 
teatoma of the tsnipanic cavity occasionally causes paclmnciun- 
gitis. 

Xautl sijmptoms.—Thc diagnosis of external pacli)anoningilis 
almost coincides with that of protracted acute osteomyelitis, re- 
gardless of whetlier the infection is progressive or self-limiting. 
It can reasonably be asstnned that in all cases of acute osteo- 
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myclilis witli protracted course and of chronic secondary osteo- 
myelitis (p. 90) lliere is an external pachjTneningitis. In cliroiiic 
priinar)’ osteomyelitis the dura is seldom involved. Acntc osleo- 
niyclil/s usually begins during an acute infection of the frontal 
sinus or an acute e.xacerbation of chronic frontal sinusitis or after 
an operation on the sinuses. In the initial phase there are pain, 
low grade fever and, occasionally, chills and swelling of the upper 



Fic. ai.-Aciitc sprea<ling nsteoin>vIitb of entire sVulI vault. Part of tlic 
front.il squama was removed Tl*c sequestrum conUsts of llic rest of tlie frontal 
squama and part of Uic parietal bone. 


eyelid on the involved side. None is diagnostic of incipient oslco- 
in) elitis except ^vhen tlic symptoms appear soon after an opera- 
tion on the sinuses. If the infection is not arrested Uie sjanploms 
may suhside and the osleomycliUs may pass into a latent phase 
characterized b}* evening clcn'ations of temperature, noctuntal 
pain despite adequate drainage of the sinus and persistent swell- 
ing of the upper lid. Tljis phase may continue for a few day.s, 
althoitgh a period of several weeks is not unusual. Even at this 
stage the diagnosis of acute osteomyelitis is not definite. Tlie 
diagnosis becomes evident whcn'ihc swelling of the skin spreads 
over the forehead or temporal area beyond the margins of tlic 
frontal sinus and causes the puflFy tumor of Pott (Fig. 33). There 
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is no early x-ra\ evklcnce of aculc osicotnyelitis. At this stage the 
osteomyelitis may r\m a scU-limiting or a spvcatliog covirsc. If 
self-limiting it terminates In loailizcd pacliymcniiigitib covered 
by a sequestrum. If the osteomyelitis spreads (I^ig. 34), pacliy- 
mcningitis spreads simultaneously, and the condition terminates 
in meningitis, brain abscess or chronic secondary osteoimelitis. 
In the last instance the extenial paclijineningitis undergoes spon- 
taneous cure, but the osteomyelitis may cause chronic septicemia 
with multiple melastases In the hotly. 

X-ray cYaminafion.— X-ray stud) docs not peimit the diagnosis 
of pachymeningitis, although findings in the bone may allow a 
tentative diagnosis. In aural cases marked destruction of the 
legmen t)Tnpani or the bony plate over the lateral stmis indicates 
eventual involvement of the dura. Such an observation is particu- 
larly important in nmcosis otitis. In rhinologic cases destniclioii 
of the posterior wall of the frontal sinus, a moth-eaten appear- 
ance of large areas of the cranial vault (Fig. 34) or sequestra 
suggest evlcmal pacbnncningilis. 

rnocNosis 

If otogenous pacli)'nicnlngitis Is properly diained surgically, 
the outlook is good for lateral abscesses of tlie middle or posterior 
fossa, even though the cerebrospinal fluid is cloudy. Syslemfe dis- 
eases such as severe arteriosclerosis and diabetes impair the 
prognosis. Deep extradural abscesses, particularly those in the 
posterior fossa, rerpure a guarded prognosis. In jliiiiogcnous 
paclu meningitis the prognosis depentk on the osteomyelitis caus- 
ing the pach) meningitis. It is favorable in the self-limiting type- In 
the spreading tj pc it depends on whctlier it is possible to arrest 
the osteomyelitis. 


TUEATMENT 

If an extradural abscess is vciy small and situated above the 
teginen tjanpani spontaneous cure may take place (p. 100). 
Chemotherapy will hasten cure. Extensive pacliymeningltis re- 
quires surgery. Likewise, surgerj* is inevitable when otogenous 
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pacliyineningitis causes perforation of a bone of the skull, be- 
cause tins perforation cannot be considered a spontaneous cure. 
In lateral abscesses the treatment consists, in acute cases, of a 
simple mastoid operation, in chronic cases, of a radical mastoid 
operation, and, in citlier instance, of exposure of the involved 
dnra. 

The mastoid operation is performed with the usual technic. 
Sharp gouges should be used to avoid concussion of tlie skull. 
Exposure of the dura should not be undertaken until the opera- 
tion on the temporal hone is completed. In lateral abscesses of the 
middle fossa the inflamed dura should be entirely e.xposed until 
normal dura is reached on all sides. Because tliis is hardly feasible 
wiien the pachymeningitis extends far forxvard toward the roof 
of the custachian tube or even toward tlie greater wing of the 
sphenoid, the bone should be removed as far as the opening of 
the custachian tube unless the pach) meningitis has perforated 
the greater wing of the sphenoid and the infection has invaded 
the infratemporal fossa, causing swelling in front of the ear. In 
this case I do not extend the rctroauricular incision to the zygoma, 
but prefer to make a second incision along the inferior margin of 
the malar bone to drain the infratemporal fossa. 

If the paclijmeningitis extends forward but there is no infec- 
tion of the infratemporal fossa, the legmen and, eventually, the 
temporal squama should be removed to the opening of the 
eiistachian tube. This is easily accomplished if a radical mastoid 
operation has been performed, but it is rather difficult to ap- 
proach the anterior portion of the legmen if a simple mastoid 
operation has been perfonned. For this reason a radical mastoid 
operation is often perfonnal, even in cases of acute otitis, to 
gain access to the anterior Innindary of the pachymeningitis. 
However, in acute otitis a radical mastoid operation should be tlie 
last procedure considered because it damages the hearing and 
leaves the patient with a long-standing aural discliargc. In most 
cases this procedure is not nccessarx'. With good pneumalization 
of the temporal bone and a bigli epilympanum, tlie anterior por- 
tion of tlio legmen can be approached without removing the 
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ossicles. If tlie cpitynipanum is low, an incomplete radical opera- 
tion provides sufficient .space for removal of the tegmen. In any 
case, a complete radical upcmtioii should he the exception rather 
than the rule in acute otitis and should he performed only after 
less radical operations and chemotherapy have failed. After the 
tegmen and temporal squama arc remoxed to the opening of the 
eustachian tvdic, the operation is finished even though it is i\ot 
possible to reach the anterior houiidarx’ of the pachymeningitis. 
Great care should be tahen not to allow a piece of bone to slip 
into die space between the dura and the base of the skull. The 
first change of dressing should he made two days after the opera- 
tion. 

If bone is removed beyond the opening of the eustachian 
tube, branches of the middle meningeal artcr)* may he injured. 
Hemorrhage from these branches can be arrested by pressing a 
tampon on the injured vessel for a few minutes. A more annoy- 
ing injury is that of tlie superficial temporal artery and nuriciilo- 
Icmporal iierv'c from a prolonged skin incision. Injury to the 
artery may be followed by considerable hemorrhage several days 
after the operation. Because the arler)’ is deeply embedded in the 
edematous soft tissue it is diffiailt to arrest the hemorrhage. If the 
nerx'C is injured the patient may complain of neuralgias radiating 
toward the vertex and continuing for several days or even weeks. 
For this reason the skin incision should not extend beyond the 
opening of the eustachian tube. 

Perisinus abscesses can be immcdiatelv recognized when, 
after removal of the cortex of the mastoid process, jms escape.s 
with pulsatile rhvtlim. Pulsation is not present if the abscess is 
adjacent to the inferior knee of the sinns and the pus occupies a 
large tenninal cell at the tip of the mastoid or if the lateral sinus 
and dura of the posterior fossa are covered hy thick granulations. 
Tlic operation consists of exposure of the involved dura, includ- 
ing tlie wall of the sinus. Often it is not possible to reach normal 
dura toward the saccus endolymphalicus and jugidar bull), but 
despite Incomplete exposure most patients are cured, particularly 
if young and if chcmollierapy is given. 
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Tlxc treatment of deep extradural abscesses of tlie middle 
cranial fossa is discussed on page 122. 

Deep extradural abscesses of the posterior fossa do not offer 
a trying problem if caused by purulent labyrinthitis, i.c., if there 
arc complete deafness and nonexcitability of the labyrinth on the 
involved side. In these cases both the extradural abscess and the 
labyrinth must be drained by the Jansen-Neumann technic. This 
operation consists of exposure of the dura of the posterior fossa 
and the openings of the horizontal and posterior scmicircxilar 
canals, the latter being used as a guide into the vestibule. If neces- 
.sary the operation can be extcndetl to the internal auditory 
mcahts. 

The surgical problem is more intricate if the abscess is caused 
by inflammation of the perilabyrinthinc pneumatic cells and the 
inner car proper is not involved. Here the problem is to drain the 
extradural abscess without damaging the inner ear. This can be 
accomplished if the abscess is immediately below the superior 
petrosal angle. If, liowcver, the abscess is belox\’ and/or mesial 
to the posterior semicircular canal, injury to the inner ear is 
usually inesitablc. The operation is rather hazardous because the 
opening of a normal inner car increases the possibility of exten- 
sion of the infection through the internal auditory meatus into 
the subarachnoid space. It is likely that clicmotherapy may 
diminish the danger of leptomeningitis in these instances. 

In rbinogenous pacli}7ncningitis caxjsed by the self-lijniting 
typo of osteomyelitis the sequestrum must be removed. If tixe 
sequestrum is in the frontal squama and the frontal sinus is not 
involved or rrot developed, fhc skin and pcrfosfettni are incised 
above the scquestnim and the latter removed. If the sequestrum 
is in {he posterior w'all of the sinus and the anterior wall is 
normal, a Jansen-Kitter operation will permit approach to and 
removal of the sequestrum. Tliis operation consists of removal of 
the entire floor of the frontal sinus, associated with broad drain- 
age into the nose. It causes no deformity except the skin scar, 
because llic anterior wall of tlic sinus remains intact. 

When pachymeningitis is due to the progressive U'pe of 
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osteomyelitis, some surgeons advocate conservative treatment iF • 
tlic condition is not far advanced: incision of scalp abscesses, 
delay until formation of sequestra and sequestrectomy, even witli* 
out adequate drainage of ibe frontal sinus. Personal oqierience 
docs not justify this conser\'atism. Of 14 patients with acute 
osteomyelitis, two treated by this method died of meningitis, in 
one originating in a Uirombosis of the superior longitudinal sinus 
and in the other in osteomyelitis of the petrous bone. Three other 
patients were first seen 3. 11 and 13 years, respectively, after 
onset of the infection. In two, radicsil operations on the frontal 
sinus had never been perfonnetl; they had been treated solely 
b\ scqucslrcclomy. Both had active foci in the skull and melas* 
tuscs, in one case associated with general amyloidosis. This 
experience certainly does not favor conserx'atism. On the other 
hand, the operation is formidable and associated with severe 
loss of blood and bad deformity. It consists of complete eradica* 
tion of the osteom) elilic area and involved frontal sinv«, or both 
smuse.s if the infection is bilateral. In this dilemma cliemotlierapy 
perhaps offers some hope, although its exact value is not knouTi. 
However, it is likely that chemotherapy and drainage of the 
frontal .sinus may decrease the frc<iuency of radical operations, 
pros ided cheinothcraps is used in the early stage of the Infection, 
i.e.. nhen there arc puffy lumon. but no x-ray csidcncc of a 
moth-eaten bone. 

PAtUX MEXINOITIS IN I’lTmOSITIS (GnADENIOo’s SxT^DIIOME) 

Petrositis is an luflaimiiators disease of the pneumatic cells or, 
occasionally, of the marrow spaces in the petrous portion of the 
tvTOjiural Ijshw swTnund \he initanal ear mid may or may 

not extend to the apex of the petrous l>ouc. 

ANATOMY AMI PATHOI.OCY 

In well pncuniali/ed temporal hones the pnciimatiz*rlion orig- 
inating from the mucosa of the epitsmjianuni, hypolynipanum 
and antrum always extends into the petrous bone and produces 
pneumatic cells whicli surround the internal ear. These cells 
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are pcricoclilear or pericanalicular. The pericoclilear cells arc 
located in front of, below and above the cochlea and drain into 
the epi- and hypotynipanum. Those below tlie cochlea are most 
frcqnentiv present Tlie pericanalicular cells are located below, 
above and behind the semicircular canals and drain into the 
antrum above the horizontal semicircular canal, into the petrosal 
angle and into Trautmann’s triangle. Tliose below the semi- 
circular canals are most frcrjuenlly present; they usually anas- 
tomose with the cells below the cochlea. All of these cells drain 
into the liypotympanum in front of, and into Trautmann's triangle 
behind, the descending portion of the facial nerve. The cells do 
not form distinct groups; rather (hey occupy areas which differ 
considerably in extension and may or may not extend to the apex 
of the petrous bone. Tiiercfore, if the petrous apex is pneuma- 
tized, the perilabyrinthinc area and mastoid process are usually 
pneumatized; but if the petrous ape.x is not pneumatized, the 
pcrilahyrinthine area and mastoid process may be pneumatized. 
The finding of one large cell in the apex, particularly in the roof 
of the internal auditor}' meatus (Fig. 85), wlicn the perilab)- 
rintiune area is not pneumatized is not usual. 

'Hie pcricocldcar colls extend to the ape.v more frequently 
than tlie pericanalicular cells because the distance helwecri the 
promoiitor)' { the bony cover of the basilar portion of the coclilca ) 
and the petrous apc.x is 8—10 mm., whereas the distance be- 
tween the antrum and the petrous apex is 15-20 mm. If the 
cells above the inner cur e.xtcnd to the apex, they occupy the 
area abosc and behind the carotid canal; if the cells below' the 
inner ear extend to the apex, occupy the area beJoiv autl 
behind the carotid canal, and if the cells in front of the coclilca 
extend to the apex, they occupy the area below’ and in front of 
the carotid canal. 

TJic petrous apex is pneumatized in about 30 per cent of 
normal temporal bones and is diploic in 70 per cent. It presents 
the same structure on both sides in about 75 per cent of cases 
and different structure in 25 per cent. 

Innammalion of the petrous apex occurs especially in well 
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pneumatized petrous l>oncs and occasionally in poorly pneu- 
matized temporal bones. In the former the mucosa of the pneu- 
matic cells becomes ssvollen and the cells fill with frank pus. 
In progressise casc.s the bony septnms between the cells are 
absorbed and an abscess containing remnants of mucosa in the 
pus is formed. The abscess may be open or closed; i.c.» it nw)’ or 
may not drain into the tympanic cavity through a fistula. Open 
abscesses are more common. Multiple abscesses, or one large 
abscess surroundiiig the entire irwer ear, arc rare. In poorly pnem 
malized temporal bones petrositis Is duo to osleomjelitts of ll^c 
pef^ms fi onc j uduiihs^^ses in' flic marrow. Several otologists 
believe ll\al os cn in those cases pneunsatic cells were scattered 
primarily in the petrous bone, which became inflamed. The in- 
flammation, after destroving the walls of the pneumatic cells, 
Insadod the marrow near the pncvrmatic cells, causing ostco- 
niyelitfs. This may be tnie In some instances, but I have noted 
osteomyelitis of the petrous bone In cases of cholesteatoma of tlic 
isTTipanic cavil)’ and obscrs'ctl it in one cose several j’cars after 
a radical mastoid operation. In instances of this type the petrous 
boiic seldom contains pneumatic cells which could become in- 
volved by an infection. For this reason, the ostcomyclills cannot 
be attributed to an inflaniinalion of pneumatic cells which has 
spread into the marrow. Furlhcmjore, in a case of tuberculosis of 
the Ismpanic easily, with a petrous apex consisting of marrow 
spaces and seseral pneumatic cells, microscopic examination re- 
vealed a nonspecific inflammation which u^as definitely more 
marked in the marrow spaces than in the pneumatic cells. Tills 
proves that in chronic otitis petrositis may be due to primary 
acute osteomyelitis which may cause rapid infection of the lepto- 
mcninges and dural sinuses. In exceptional cases it spreads into 
the body of the sphenoid or Iiasilar bone or the petrous apex on 
the otlier side. 

Petrositis is usually caused b) acute or subacute otitis. Rarely, 
an acute exacerbation of chronic otitis causes petrositis, hut this 
Is usually osteom)elitis of the apex, which has a poor prognosis. 
As to acute and subacute otitis, one must recall that in acute 
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Otitis not only the tympanic cavity but all, or almost all, pneu- 
matic cells of the temporal bone are involved, although with dif- 
ferent intensity. For this reason, inflammation of the perilaby- 
rinthinc, and also of the mastoid cells, should be considered not 
secondary to acute otitis but an integral part of it. This explains 
the presence of S)Tnploms of petrositis in the very beginning of 
acute otitis. If acute otitis undergoes spontaneous cure, in three 
or four weeks the acute inflammation subsides in both the t)iu- 
panic cavity and tite pneumatic cells of the petrous bone. Under 
circumstances not clearly understood, the inflammation extends 
beyond ibis period and the acute otitis enters the subacute phase. 
Tliis phase is caused particularly by persistence of infection in 
the pneumatic cells while the infection in the tjTnpanic cavity is 
more or less subsiding. For this reason, the purulent exudate pro- 
duced in' the pneumatic cells does not slop draining into tljc 
tympanic cavity and through the drum perforation into the ex- 
ternal auditor}’ canal. In subacute infections caused by pneu- 
mococcus type Iff, also, the pneumatic cells of the temporal 
lione, not the tympanic mucosa, produce the pimilent e.xudale. 
However, frequently in these instances the pimilent e.vuclatc does 
not pour into the t)inpanio cavity because the narrovv' channels 
which establish an anastomosis between the pneumatic cells and 
the tympanic cavity arc obliterated by the swollen mucosa or 
connective tis.sue. Tlic pressure of pus in the pneumatic cells in- 
creases, the bony septums lietween the pneumatic cells become 
absorbed and largo abscesses form in the pneumatic cells. This 
tvpc of inflammation, when in t lic cells of the ma stoid process, i s 
called mas^dj^; it i s called p etrositis when it occurs in tlie pneu- 
nmlic ccllsof the petrous l>onc. Mastoiditis is more coinmon "tTiXn 
petrositis; in tact, p etrositis without mastoiditis is rare, but 
mastoiditis ^vTilioul petrositis is common. Tins is because the 
petrous bone is not as frequently well pneumatized as the mas- 
toid and the pneumatic cells of the petrous ])one liav’e better 
draiiiaKC towaril the tyinpanic_ cavity. 

Accord to this concejit, it is conceivable tliat petrositis 
not only occurs in the very lieginning of acute otitis hut may be- 
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come manifest when the acnrtc otitis is l)clieved to be cored, i.c., 
in the third to sixth week after onset. In tliese subacute cases the 
spnptoms of petrositis often appear after a simple mastoid opera- 
tion. If the surgeon fails to establish proper drainage of the 
perilabjrinthine cells, the infection in these cells may flare up, 
causing the s\anptonis of petrositis. Bacteriologic studies show 
that all micro-organisms which cause acute otitis may cause 
petrositis, although pneumococcus type III is most common. 

In petrositis with acute otitis the pus often pours into tlie 
tvinpanic cauty, causing spontaneous cure of the petrositis. In a 
few cases the pundenl exudate niplures in one of the follovs’ing 
directions. 

1. Into the posterior ciarnal fossa, with formation of a deep 
extradural abscess (p. 96). 

2. Into the middle cranial fossa, with formation of a deep ex- 
tradural abscess in the area of the petrous apex. Such ab- 
scesses are conipanUivcly common because anv pneumatic 
cell above the inner car may cause them, 

3. Into the posterior semicircular canal, cndolvmphatic sac or 
internal auditory meatus, with subsequent pundent laby- 
rinthitis. This type of perforation is rare. 

4. Into the carotid canal, with sMbsefpicnl thrombophlebitis of 
the carotid plexus (p 24) and eaxernous sinus. This type of 
perforation is rare. 

5. Into the jugular foramen, with subsequent thromboplilebitis 
of the jugular bulb and meningitis. Tliis type of perforation is 
rare. 

6. Into the phaiymx, >vUli siibse(|iiei)t formation of a para- or 
retropharyngeal abscess. This t\pc of porCocatiou, vvbicli is 
coinparatnely common, may lake place thiough the foramen 
laecnim anlerius or throiigli the jugular foramen. Occasion- 
ally the superior ccrsieal glands are involved first, with the 
Kmphadenitis causing an infection of the pharsaigomaxillary 
space. These glands are at the base of llie skull, mesial to the 
internal carotid artery and near tlie floor of the bony ciista- 
chian tube. 
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In cholesteatoma of the t)'nipanic cavity, petrositis leads 
rapidly to sinus thrombosis and meningitis. Although there are 
four sinuses at the petrous apex— superior and inferior petrosal 
sinuses, carotid ple.\us and cavernous sinus— usually one or two 
are involved while the others carrj' blood. 

All of these complications require surgical treatment. Other- 
wise they cause fatal meningitis. It has been stated that menin- 
gitis in subacJitc otitis is usually due to undiagnosed petrositis. 
There are only two exceptions: if petrositis due to subacute otitis 
perforates into the pharynx, spontaneous cure usually ensues 
even though there is a deep cxtnuhiral abscess at the petrous 
apex, and purulent labyrinlhilis due to petrositis may undergo a 
spontaneous cure. 


SVM PTOM ATOLOC V 

Only the .symptoms of petrositis proper are discussed, exclud- 
ing those of eventual meningitis or sinus thrombosis caused by 
petrositis. 

Sj/s/e>n/c syui;j/ouis.— There may be a slight rise of tempera- 
ture but no chills or leukocytosis, except in children, who may 
have fever to 102 F., leukocytosis and even a shift of the blood 
count to the left. Intense pain and sleeplessness lead to anorexia 
and fatigue. Petrositis is believed to be more common in males 
than in females 

Ccjicral brain sj/;n/Jloms.— These are usually absent or insig- 
nificant unless there is a deep extradural abscess, in which case 
there may be drowsiness, headache and vomiting in addition to 
the symptoms of petrositis. In one personal case there svas 
thrombosis of a branch of the superior temporal vein of the 
retina, and in another, hvpercmia of the papilla and a concentric 
defect of the visual field for red and blue. 

Focal brain s//»ipto«is.— Among the typical .s)Tnptoms of 
petrositis are those caused cither by irritation or by paresis of the 
trigeminal nerve. The symptom of irritation, which is more com- 
mon, is pain. Ty pical trig eminal pain may iimncdia telv followjhe 
pain of acutc'^ otitis dr develop after cure of the otitis. It con- 
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linues as long as the jpctrositis is active, but occasionally dis- 
appears while the inilamniatiou is still actis'e. Tlie pain is in tense, 
resembling neuralgia, and occasio nally i s pulsatile. It either is 
continuous or appears in attacks, particularly in the night. ^ Tam- 
idon and salicylates often have no elTect and morphine must 
be administered. Localization of the pain varies. Usually it is 
localized in the temporopari etal area , less frequently in the face. 
Sometimes the patient complains of pain in the skull on the in- 
\ volvcd side. Pain in the t eeth jmdJ n the depth of, or ar ound, the 
lorbit IS characteristic . Not infrequently a tooth is extracted to 
relieve the pain, ^\^en pain is localized in the orbit ibcrc are no 
pathologic changes in the eye other than redness of the conjunc- 
tiva and slight epiphora. If the inflamed pneumatic cells extend 
far into the malar bone beyond the head of the mandible, the 
auriculotemporal nerve may become involved, with pain in the 
vertex and occasionally edema almve, and in front of, the auricle. 

With paj;csis of. the trigeminaLnerve the corncaljcflcxjs often 
absent or delinitelyjJiminisbcd on the involy^ side. This svmn - 
tom may be present in patients who do not complain of p ain of 
any "kind. 

Tile symptoms of irritation of the trigeminal nerve do not 
permit any conclusion regarding the cause of the irritation. In 
fact, llic pain is the same whether due to a deep extradural ab- 
scess, severe irreparable inflamniation of tbe petrous apex or 
mild inflammation of the apex which may he cured hy a simple 
mastoid operation or even paracentesis of the dmm memhrane. 

Paralysis of the alidwccns nerx’c has attracted much interest, 
although certainly it is not ns common as trigeminal involvement. 

’ Trigeminal symptoms arc commoner because they may he in- 
duced by an inflammation cither of the perilahyTinlhinc cells or 
) of the cells of the petrous apex, whereas paralv sis of the abducens 
i nerve is usually caused by the rather unusual inflammation of the 
Y aj>cx cells proper. If an inflammation of perilahyrinlhine cells in- 
|| volvcs the abducens nerve at all, the cells posterior to the lahv- 
rinlh are usnally responsible. Alxlucetis paralysis mav he tlic 
only symptom or it may l>c associalwl with trigeminal symptoms, 
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pa rticularly \vitli_p nin in t«»tnpQro parictal a. ri*a. Wlieu both 
Iri ^eminal and abduccns symptoms arc associated with acute 
otitis, the .syndr ome of Gra tleuigo is coiupletc cb AJjduceus i^ar- 
alysis alone is occasionally caused by syphilitic meningitis, dis- 
seminated sclerosis or a brain tumor. I noted abducens paralysis 
on the involved side without trigeminal s)Tnptoms in two cases 
35 days and seven years after a radical mastoid operation. Botli 
patients bad an acute infection of the tjTnpanomastoid cavity, 
and both were cured, although the pathogenesis of the abducens 
paralysis was not clarified. 

More important than isohited abducens paralysis is the asso- 
ciation of acute otitis, trigeminal sj'mptoms and abducens par- 
alysis, i.e., the syndrome of Gradenigo. Abducens.paralysis usu- 
ally follows _the_ appearance of the trigeminal sjTnptoms but 
persists longer, occasionally for months. Abducens paralysis is 
commonly seen on the involved side, althougb there are cjises on 
record in which it appeared on the opposite side. In the latter 
instance the paralysis may Ixs due cither to serous or purulent 
meningitis or to osteomyelitis of the basils bone and petrous 
apex on-tlie other-side. Tlic syndrome of Gradenigo indicates an 
inflammation of the cells of the petrous bone extending to the 
apex. The sj’mptoms do not indicate whether tlie inflammation is 
mild and reparable or severe and irreparable, or associated with 
a deep extradural abscess. To answer these questions, other facts 
must be considered: the type of otitis, mucosis otitis being more 
liable to complications than streptococcus otitis; the phase of the 
otitis when the syndrome develops, i.c., manifestation of the 
syndrome at the onset or termination of otitis or after a simple 
mastoid operation; the duration of the Spidrome which, calcu- 
lated from the on.set of otitis, is Ijetween two and six montlis. 
The nervous symptoms of Gradenigo's s)7idrome may also he 
caused by leptomeningitis, cavernous thrombosis and thrombosis 
of the inferior petrosal sinus. However, in tlicse cases there arc 
fever, chills and cerebrospinal fluid changes which point to the 
basic infection. Only thrombophlebitis of the inferior petrosal 
sinus may fail to cause s)'mptoms other than abducens paralysis. 
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Not infrc ntiently, m coni plcte_facial paralysis is not cd-M Lifli 
j 2 ctros itisr~Tne paralysis is, as a nilo, tiansilory. In a personal 
rase there was myrlriasis oa the iiivolx’cd side. Cerebellar s)’nip- 
toms caused by a deep extradural abscess of the posterior fossa 
arc discussed on page 102. 

£flr sj/mpforns.— Petrositis way ocair (1) during acute otitis; 
(2) after a simple mastoid operation, (3) during chronic otitis 
and (4) after a radical mastoid operation. 

Petrositis may be caused by all tspe.s of acute otitis, and the 
ssTTiptoms may appear either at the onset or at the termination of 
otitis. Mucosis otitis may cause petrositis without causing perfora- 
tion of tlie dnun membrane. I f there is a closcdj ibsccss at Uie 
apex the otitis may undergo spontaneous cur e and bearing may ^ 
l>prnino almost normal, so that onl> the pain, x-rav evidence a nd 
Occasionally abdiicens paraKsis pointto pe trositis. If there is an 
hpen abscess at tiie ajMJx, otitis is said to present the foUosving 
characteristics: the secretion does not cease for a long tinic; the 
discharge is wholly purulent at a lime when it should be jnuco* 
punif^t “or inuc"ov\s if there were wot additional petrositis; the 
discharge is abundant at a time when it should bo scanty jf there 
ss’ere ordinary acute otitis; s ometimes _the__ 5 ecretion sudd eii.ly 
ceasg s for several h ours or da^s .an d as sudd enly re tunrs. Al- 
though these sjmptoms are considered hy several authorities to 
, 1)0 characteristic of petrositis, I cannot agree because they arc 
I to he seen with both petrositis and mastoiditis. These symptoms 
^ prove simply lliat the infection in the tyanpanic cavity is not 
/ localized but has involved other parts of the pneumatic sy.stcni 
of the tCTDpOTD] hone, 0»lr »'he« tJ«? p/ieitmalic eeJJs of the 
mastoid process have been eliminated by surgery' do these symp- 
toms indicate petrositis, since the mastoid cells can no longer he 
the source of the discharge. 

After a simple mastoid operation, and occasionally several 
years aflenvard, petrositis may become manifest. Several otolo- 
gists have reported that in their experience 90 per cent of cases of 
petrositis l>clong to this group. 1 have not observed such cases as 
frequently as this. Many' cases arc due to incorrect imlieatioos 
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for, or a faulty teclmic i n, the s im ple ma sto kl opera tion. Po^topcr- 
ative pctro sitis~^urs acut e m astoiditis oper^wl on joo 
early, if surgeon did not yjorougJdy^radlcate. tliejnastoid 
cells and if a primary sulure_of,,thcj‘etroauncular incision was 
done after a simple mastoid o peration^ In any of these circum* 
stances an inf^tion may occur or pus may be retained in the 
perilab)Tinthinc cells, resulting in petrositis. If the petrositis has 
no outlet, both the mastoid process and the Umpanic cavity 
may umlcrgo uneventful recovery after tlie mastoid operation. 
Nevertheless, the 'petrositis continues. If the petrositis has an 
outlet, the surgical cavity of the mastoid may be cured but the 
discharge from the tympanic cavity does not cease. 

In chronic otitis, cholesteatoma is of some importance, par- 
ticularly if there is an acute exacerbation. However, tliese in- 
stances arc not as frequent as the cases previously mentioned, 
and wlien they occur the symptoms of petrositis are rapidly ob- 
scured by those of meningitis or sinus throml)osi.s. 

Petrositi s subseq uent to radical mastoid operation is ^xcej)- 
t ipnal. Ill some cases, latent osteomyelitis becomes manifest after 
the operation; in others, osteomyelitis of the petrous bone is due 
to ah^acTite postoperative infection of the cavity. I saw one case 
of this t)pc in which spontaneous cure resulted from a perfora- 
tion into the rctropharjmgcal space. 

Labyrintliine symptoms are not uncommon in petrositis. The 
s^miptoms arc, as a rule, sl ight and consist of slight dizziness and 
s pontaneous nystagmus to thc'ot hcr_sidc. Occasioniilly', diffuse 
punilejitJ ahyrinthitis occu rs. In a personal case, an infected 
pneumatic cell in the roof of the intenial auditor)' meatus rup- 
tured into the left inner car, causing diffuse punilent labyrinthitis. 
Although the inner car was not operated on, the patient was 
ctircd (without chemotherapy), but she remained deaf on the left 
side and tl)e left labyrintlj was not excitable (Fig. 35). 

X-ratj symptoms.— X-ray examination of the petro us bone^is 
of };rcat importanc e, particuI ar W in c losed_absccsses of the ap es. 
AUhougb various exposures arc necessary to arrive at a definite 
diagnosis, the Slcnvers exposure (Fig. 35) must be considered 
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the Standard. This method discloses the petrous bone of only one 
side and docs not clearly show the perilabsTinthine cells bcliiiul 
the inner tar since they are covered by the compact hone of the 
labyrinthine capsule. However, the Stcn\crs technic presents 



Fic exposure of left petrous npex. a, eochlo.i, h, lion7/)ntal 

scrniLircuIar canal, c, fttuncntw nreuata, J, superior semicircular canal, e, pneu* 
matic cell alwxc intenial auditory roe.nlus (/) and extending toward petrous api'X 
T1>c girl, IB, had Inlateral otitu media alter adcnectom> The right eat was cured 
spontaneously, on the left, simple mastoidectomy was done Eighticn days after 
oSKratlnti she suddenly Iiad soeral attacks of sotniUng und whirling sertigo 
TiicTe was tliitd degree nystagmus which changed direction at intervals of several 
minutes Caloric teal revealed nonnal esatabihty of left lahynnth Two days later 
ahe had pulsating pain m left temporal area Left eyeball was tender. Tliere were 
dt miograplusm, hyperesthesia of skJn, Kemfg's sign on left, fever of 101.3 F, but 
no nvstagnius, and eyegrounds were normal Ccrebrospin.vl fluid showed increaswl 
pressure, jiosilive Tandy reaction and 130 cells, mostly granulocytes Dura of the 
iniildle cranial fossa was widely exposed and the dura injurcrl This film was made 
a iwmlli later Recovery was uneventful, but tite patient was deaf on the left and 
Idiyrinlli iincxcitnble. No cbemotliOTapy was used 


tbf stnicliire of the petrous apex exactly and does not disturb the 
acutely ill patient. 

Interpretation of tlic vray film retjuircs much experience. 
Even the identification of a nomtal petrous apex may be diffictilt 
because the normal apex presents considerable variations of 
configuration. In one of my cases a deep impressio trigemini xsas 
interpreted as a focus of destruction, and an unnecessary opera- 
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tioii was performed. Furthermore, it may be difficult to determine 
wliethcr a petrous apex consists of small marrow spaces or small 
pneumatic cells. Moreover, in old persons large translucent spots 
in tljc petrous apex often suggest dcslniction although they arc 
actually due to atrophy of marrow and bone trabeculae. More 
difficulties may arise in pathologic cases. Cloudiness of pneumatic 
apical cells is common in acute otitis. Altbough tliis indicates an 
inflammation of the petrous apex it docs not allow any conclusions 
concerning prognosis or treatment. Even when destruction of the 
petrous bone, characterized by a spot of decreased density witli 
irregular boundaries, and, in addition, a partial defect of t))e 
superior angle of the petrous bone are found, the x-ra)- es idciicc 
sliould always ]ie_corrclated with the clinical findin gs. I f there I 
is destructi on at tlie petrous apex and simultaneously, the 
clinical s>Tn ptoms in crease, operation o n the apex is frequently 
inevitable, in some cases of mucosis otitis the clinical symptoms 
recede while the apical infection continues to be active and may 
cause sudden death from meningitis, lii siicli instances, particu- 
larly in the aged, consecutive x-ray studies at various times indi- 
cate not only destruction but progressive dcstniction of the apex. 
In a case of this type surgerx’ should not be postponed for a long 
period, regardless of wliethcr the clinical .symptoms increase or 
decrease. 


rnoexosis 

The prognosis for petrositis depends on several factors. Petro- 
sitis which develops at the onset of acute otitis usually has a 
favorable prognosis. Tlie exudate in the apex drains into the 
Ipnpanic cavity or phars’ux, with spontaneous cure. A guarded 
prognosis must lie given when petrositis appears between die 
third and the sixth week of acute otitis. In such instances the 
prognosis depends on the followaug facts. (1) Open petrositis 
is more favonihlc than closed petrositis. (2) Accumulation of pus 
in tlie roof of the internal auditor}’ meatus impHe.s a greater 
hazard than accnnnilatioii of pus surrounding the custachian 
tube. (3) I^argc accumulations of pus arc more favorable than 
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small accumulations. (4) Petrositis witli the complete syndrome 
of Gradenigo is "believed to be more favorable than petrositis 
without the s>mdrome. Tlie last statement is correct when petro- 
sitis develops at the onset of acute otitis because the diagnosis 
can he made early. Petrositis w’hicli follows a simple mastoid 
operation is similar to that whicli occurs during acute otitis. 
Petrositis due to a cholesteatoma of the tympanic cavity has a 
poor prognosis. The prognosis for petrositis following a radical 
mastoid operation is more serious than that for petrositis due to 
acute otitis hut not as serious as that for petrositis due to a choles- 
teatoma. 

THEATMENT 

Petrositis is seldom an emergency. It is true that meningitis 
nuiy dcsclop suddenly. However, prior to meningitis there is, as 
a rule, a period in which a number of alarming symptoms appear. 
At this time minor surgical procednre.s should be tried. Tills 
modus procedendi is thoroughly justified because petrositis b a 
dangerous as sscll as a protean disease and seldom is cured liy a 
single operation. 

At first, decompression of the petrous cells should be tried to 
encourage spontaneous drainage from the pneumatic cells in the 
petrous bone into the tympanic cavity. In most cases petrositis 
is airwl, the defect at the apex Iicing refilled by calcified connec- 
li\e tissue and newly formed Inmc. The following procedures 
may he emplo)ed: paracentesis of tiic dimn membrane, simple 
mastoid," incomplete radical mastoid and complete radical mas- 
toid operation. li goes without saying (hat afl of these procedures 
should he supported by appropriate clieniothcrapy. 

Tlie incomplete radical mastoid operation, wliich can he per- 
fonned by difTerent lechiiics. consists essentially of a large open- 
ing of the mastoid anlnim, partial removal of the posterior wall 
of the bony external canal, remoxa! of the Literal wall of the 
epilv-nipamim and plastic repair from tlie posterior wall of the 

-for many >can 1 Iu»e prrf«>nnt<(l In tlteH' ns in casfS of siiLaciite 

oUlis. an rnlirp^l simple nmlwd opi'ratlnn cnnsisliiig of reniosal of part of tlic 
I ilcral svall of the antrum. 
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inembraJioiis external canal. Tlic ossicles and dnim membrane re- 
main intact. 

Several otologists have abandoned the incomplete radical 
operation because presumably it does not permit proper search 
for inflamed pneumatic cells in the petrous bone. Other otologists, 
including myself^ have had good results unth this operation, par- 
ticularly when cells above the cochlea were involved. The fact 
should be emphasized that a complete radical mastoid operation 
is often performed because the previous simple mastoid opera- 
tion failed to relieve pain. In many cases it is performed unneces- 
sarily. An incomplete radical operation would aclueve the same re- 
sult, would save the patient’s hearing and would probalfly arrest 
the discliargc. 

The complete radical mastoid operation is essential in all 
ctises of petrositis due to chronic otitis. In cases of petrositis duo 
to acute otitis the complete radical operation frequently must 
bo perfonned wljcn ( 1 ) there are closed abscesses of tlie petrous 
bone, (2) the entire tympanic cavity is filled with granulations 
and (3) there is expectation of inflammation of the pneumatic 
cells in front of and/or Iwlow the cochlea. In tlie first group, 
x-ray study indicates destniction of the apex and ssTnptoms arc 
increasing, but there is no discharge from the tympanic cavit) . 
This t)'pe of inflammation is usually due to pneumococcus Ij’pe 
III. Surgery must advance to the point where the focus of infec- 
tion in the petrous hone can be properly drained, and for this 
puqiosc a complete radical operation Is frequently required. In 
the second group one can hardly e.\pect hearing to he normal 
regardless of xvlielher a simple or a radical operation is per- 
formed. In the lliird group belong all cases in which both a simple 
and an incomplete radical operation failed to expose the focus 
of infection localized in front of and/or below the cochlea. A 
foevis above the cochlea can be drained by the incomplete radiciil 
operation provided the epit)mpamnn is high and spacious. If the 
focus is in front of and/or below the cocldea and is definitely 
progressive, even a complete radical mastoid operation often fails 
to provide a satisfactory approach and must he cnlargcrl by 
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removal of the mesial portion of the anterior and inferior ntoIIs of 
the external canal. 

When the focus of infection in the petrous bone is exposed, 
gentle curettage of the focus is jicrformed. Forceful curettage 
may injure the dura or inner car and may force the infection into 
the depth of the base of the shulh Wlien the infection has traveled 
from one apex through the marrow of the basilar bone to the 
petrous apex on the other side, the question arises whether this 
was due to the infection per se or to the surgeon’s curct. 

An operation on the petrous apex is usually inevitable (1) 
when, despite decompression and entirely adequate chemo- 
therapy, apical ssTuploms persist; (2) when roenlgenographie 
studies indicate progressive destniction of the apex; (3) when 
additional sunptams of impending meningitis arc noted, including 
moderate rise of temperature in adults and high rise in ciiiUlrcn, 
leukocytosis, increase of cells in the cerebrospinal fluid, vomiting, 
pliotophobia, hyperesthesia and tenderness of tlie allanto-occipilal 
membrane. Even in these circumstances chemotherapy may he 
effective in children, but in adults, and especially In the aged, 
chemotherapy Is effective only in association with surgery. It 
should be emphasized again that an operation on the apex is not 
a common procedure. 

.A moiin thp v.iriniis surgical me t hods the _teclinic_of llan udicr^ 
is appar ently the best. _T l>is technic includes, first, an enlarged 
raciiral mastoid operation; i.c., the entire membranous external 
txma! is separated from the osseous canal and the anterior and 
inferior walls of the osseous canal arc removed. Tlie tensor t)nii- 
pani muscle is removed and the semicanal of the muscle is united 
with the eustachian tuljc. At the floor of the opening of the tube 
the carotid canal is opened and the carotid arter)' carefully ex- 
I posed with a sharp curd. * nic exposed artcQ ijdQes n ot pulsatii 
I Ivc^ msc adually not the arten- but the periosteum of the caj ^jt^ 
■ canal ir*e\p ose7l. Since tlie carotid''pTcxus occupies the ^acc 
lietwccn arter)' and pertoncuiii, pufvhlimisTjf^lfircarotid'IXrrcfv’ 
do-jiot. rcach tlielKTlffsteumn nuirics of tlie cxposcd''pcfiosfcmri 
arc not as hazardous as one might suppose. Slight injuries cause 



PAC/IVAfEN’rN’CmS IN PETROSITIS 125 



Tic. 36.— Slrfll’s opcratio«i 


lig ation of the coimnon caiotid arlcr\' would be a safer proccdtiro . 
^Vllen a largo opening is made in the carotj d canal,_a curet is in- 
tiwluced into tlic apwTaiid the petros itis is drained. 

In favorable cascnbts'Ramadier technic permits drainage of 
the apical abscess and also of a deep extradural abscess provided 
the abscesses arc in free communication. If, however, between 
the abscessc.s there is a bony plate, occasionally even the thick 
cortex of the petrous apex, it would be extremely hazardous to 
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enter tlie apical abscess with the curet and perforate the bony 
plate to drain the extradural abscess. In such cases the apic-al 
abscess must be drained bv the Ramadicr technic and the ex- 
tradural abscess drained simultaneously by the technic of Slreit. 



Fif. 37 — SuUlur.kl apprnailt t« tin (xtroua ftpe-x, aJljr lljm.ulur 

Annilier method is to dram onl) tlie extradural abscess in the 
hope that the apical abscess will undergo spontaneous cure. In 
most eases this is the procedure of choice. 

In the Iccbnic of Streit <Figs. 36-3S) the retroauricular in- 
cision is exlendetl forward to the insertion of the helix. The blood 
vessels and nerves running in front of the auricle should not l>e 
severed. Some otologists coiiUmie this incision hv an auxiliaiy 
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incision running from tlic insertion of tlic helix perjicndicularl) 
upward toward tlic temporal squama, hut my experience indi- 
cates tliat the auxiliary incision can iisuallv be omitted. The oper- 



Fic. 38.— Bone defect after Strcil'i operaUon. 


ation on the mastoid, and eventually that on the tympanic cavity, 
is then perfonnctl according to the clinical indications. Tlic Streit 
procedure cari I>e [X-Tfornied after either a complete radical or, 
occasionally, a .simple mastoid operation. 

Wlien the operation on the ear is completed the temporal 
aponeurosis is exposed back to the posterior boundary of the 
temporal srpiama and the aponeurosis is incised at the inferior 
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bovindarj' of tlie temporal mtiscic. The muscle is pushed aside 
until the greater part of the temporal squama is e\poscd with tlie 
malar process, the latter forming the posterior and superior walls 
of the glenoid fossa. To create a proper approach to the apex, 
most of tlie temporal squama is removed with a part of the malar 
process. The ca psule of the ma ndi bular joint should not hc ex- 
posed. TlieThlra and hrain are carefully raised and the sup erior 
wail oTthe external auditory canal, the legmen tvnipani and the 
legmen inastoideum are reinovetl until the cmiiicntia arcuata is 
rca'cnccl.-Hj'^ifs ^roc^dure jTtriangrdar defect is created at the 
base of tlie skull (Fig. 37). The liasc of the triangle is in the 
roof of the external auditors' canal and the tip is directed toward 
the gasserian ganglion. If the operation Is properly performed the 
distance between the tip of tbc triangle and Uic gasserian 
ganglion is 10-12 nun. and the distance between the tip of tlie 
triangle and the extreme tip of the petrous bone 20 mm. For 
this reason, the dura must be raised with the blunt periosteal ele- 
vator of Freer for about 10 mm., with tlie elevator directed not 
mesialward and fonvard but straight incsialward; otherwise the 
dura may be raised at the greater wing of the sphenoid. At this 
stage the periosteal elevator crosses the anterior surface of the 
carotid canal and the petrosal ncrx'cs. If the extradural abscess 
is found, a drain is inserted into tlie cavity. 1 use iodoform gau/e 
for drainage. 

Tlie Streit operation has the adxanlagc of providing a short 
and direct route to the deep extradural abscess. Of greater im- 
portance is the axoidance of damage to the ossicles and inner 
car. For this re.ison, any modifications of the technic involving 
destruction of the entire inner car, or parts of it, cannot be con- 
sidered unprovcincnts However, the Streit procedure lias several 
disadvantages. One is tliat if the dura is raised from the anterior 
surface of tlie petrous bone, the geniculate ganglion may be in- 
jured, causing facial paraljsis. often jx-rmanent. To avoid this 
injur), it is suggested that if the head of the malleus is exposiHl 
a line slioiild Ixi draxxii, licgiiming at the liead of the niallciis 
and running straight mesialward toxvard the petrous bone. Tlie 
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gcniculale ganglion lies 1—1.5 cm. mesial to tlic point where tlie 
line meets {he petrous hone. In this area the dura sliould not be 
lifted unless there is a collection of pus. 

Another disadvantage of Streit s operation arises from tlie firm 
attachment of the dura to the anterior surface of tlie petrous bone 
(Fig. 1) and the occasional presence of pacchionian bodies or 
liemialions of the brain in tin's area whicl), wlien the dura is 
lifted, may he tom. Tliis results in an opening of the subarachnoid 
space. Although this is not necessarily followed by infection of 
the subarachnoid sp.ace, injury of tlie dura should be avoided. 
It is suggested tliat the dura be lifted as far as the eminentia 
arciiata and the periosteal elevator advanced immediately below 
llic superior angle of tlie petrous bone. In this area the dura is 
not firmly attached to tlic bone and there are no pacchionian 
bodies (Fig. 1). \Vlicn no pus is discovered in this area the dura 
is lifted several millimeters beyond tlie eminentia arcuata. If 
there is a deep extradural abscess, pus will escape. If no pus is 
found, either there is no deep extradural abscess or the abscess is 
near the extreme tip of the petrous bone. In the latter case tlio 
abscess xvill perforate spontaneously after the operation provided 
the space between the bone and the lifted dura is properly 
drained with iodofonn gauze. If perforation does not follow, an 
attempt must be made at a second operation to lift the dura 
toward the apex wlien the symptoms of impending meningitis 
contimie or are increasing and chemotherapy is ineffective. 

A third disadvantage of Streit’s operation is that it does not 
proi idc sufRcicnt space for eradication of the focus of infection in 
the petrous apex. Tins, however, is not serious because the infec- 
tion often clears spontaneously if the extradural abscess is drained 
and chcinolhcnipy is applied. The Streit procedure meets with 
difficulty wlicn tlie cpitXTiipaimm is low. However, in such in- 
stances pnenmatization of the temporal hone is seldom perfect 
and petrositis rarely occurs. Finally, llie Streit procedure does not 
permit satisfactory' drainage of a deep extradural abscess because 
.tlie brain lends to compress the drain and because drainage is in 
a horizoutaU not a perpcndicubr, direction. To overcome this 
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disadvantage, it lias been suggested that tlie pus be aspirated. 
iNniAinniAL Aiis<.ii-.ss 

Intradural abscess is an accumulation of pus ^sithin the dura 
and occasionally bel\\cen the layers of t)ic dura. 

rATIIOI/XlY 

In nearly ever)’ case of exlomal pachjineningitis there is in- 
filtration of tlic connectisc tissue fibers of the dura. If infiltration 



increases and tlie leukocytes become disintegrated an intradural 
abscess ina) fonn. ClinlcalK ibis condition is of minor impor- 
tance because it rs almost invariabU associated with leptoinenin- 
gilts, pach^nueningitis e\tema or uitecna oc brain abscess. 

Of major interest is saccus empyema. The endolymphatic sac 
is embedded in tlie dura of the posterior cranial fossa and is in 
free communication with the inner ear, particularly with the sac- 
cule, through the endolymphatic duct. In chronic piinilent laby- 
rinthitis there may be an accumulation of pus in the endolym- 
phatic sac, called saccus empjenia (Fig. .39). It ma) also he 
caused In a purulent infection of pneumatic cells near the 
posterior surface of the petrous Ihiuc or by thrombophlebitis of 
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tlic sigmoid sinus, which extends to the endolymphatic sac. In 
such instances the infection may travel from llie endolxniphatic 
sac into the inner ear, causing purulent labyrintliitis. It is likely 
that this type of infection occurs in patients with a severe intnv 
cranial complication and labj'rinthitis, although the clinical 
symptoms of acute labjTinthitis never appear. 

The finding of a saccus empyema is not common because it 
docs not persist for a long period. Usually the purulent cxtidate 
ruptures through the wall of the sac, causing either a deep ex- 
tradural abscess of the posterior cranial fossa or a cerebellar 
abscess. 

SYMPTONfATOLOeV 

The intradural abscess is not a clinical entity. Tlie sjTuptoms 
are always obscured by those of meningitis or brain abscess and 
of labyrinthitis. For this reason, saccus empyema is usually an 
Incidental finding at operation or autopsy. 

TnEATMENT 

The trcalmont of intradural al)scess is that of the basic infec- 
tion. 

Faciiymcn'inoitis I.NTEnNA (SunoonAL Empyema'*) 

Pachymeningitis inlcma is an inflammation of the internal 
layer of the dura which, as a rule, prodtiecs a purulent exudate. 

I'ATIIOLOCY 

Pachymeningitis interna is caused by au infection of the car, 
paranasal sinuses or pharsm or by osteomyelitis of the cranium. 
Commonly the infection travels by contiguity llirougli tlm tegmen 
tympanl, po.slerior wall of the frontal sinus, roof of tlie ethmoid 
or bones of the skull (Fig. *10), with external pach}micningilis 
developing first. Infection spreading along dural l)lood vessels to 
involve the internal layer causes internal pacljymeningitis (Fig. 

^C. S. Kiitnk and R. D. AdanK (Brahi B0:18, IBH) h4\e einpti.usi/til tliat a 
lollfrtion «)f pus iti a priformfU space such as tlie sulKlurat space is not an 
oli'ci'ss bill an cmp>cma. 
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G2). In these instances surgery discloses gross palliologic changes 
on tlie outside of tJio dura. Less fr«|ut*ntly the itifectioii travels 
along the anastomosing blood vessels from the mucosa of the 
l\-mpanie cavity or paranasal sinuses to the internal layer of the 
dura without causing inflammation of the external la\cr. Surgerv 



Ftc. 40— Sulxlrtml cnipiema due to laitection lij wntinii[ty (n) and liv wn- 
tijpiity (&) i, ind.inu’d inticosa, 2, l>onr, 3, dim. 4, suixliirat sivicv, 5, sut>> 
ara<hrinid space; (i, pii, 7, Imin. 


reveals no gross pathologic process on the outside of the dura, hut 
there may lie additional infection by conliguitv at a site not dis* 
closed at openilion. 

Another t)-pe of infection by continuity origiuales in throm* 
hophicbilis of tlic dural sinuses. As was previously nientioucd, 
the dural sinuses rccche blood from the dura, especially the 
intcnial layer. With thromlrophlchitis of a sinus, blood (low in the 
trihutaries is reversed, and the infection is carrietl from the sinus 
into the internal dura! layer and llie sulxlural space, re- 
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suiting in internal pachjTneningitis. By this mechanism, internal 
pach)Tncningitis of the posterior or, eventually, the middle cranial 
fossa may originate in lateral sinus thrombosis caused by a 
retrograde infection of the cerebellar and occipital veins; internal 
pachymeningitis over the parietal and frontal lobes may originate 
in superior longitudinal sinus thrombosis caused by a retrograde 
infection of the superior cerebral veins, and internal pachymen- 
ingitis of the middle fossa may originate in cavernous sinus throm- 
bosis caused by a retrograde infection of the middle cerebral veins 
(Fig. 43, p. 155). In none of these instances is tliere external 
pachymeningitis and the outside of the diira appears to be normal 
at operation. In a few eases internal pachyineiiingitis has been 
found at a distance from the thrombosed sinus; for example, in 
tlic frontal area, while tlic lateral sinus was involved in tlie poste- 
rior CTanial fossa. In these cases the internal pachymeningitis was 
probably an actual metastasis. 

In advanced internal pachymeningitis the internal layer of 
the dura is cluangcd into granulation tissue covered by pus. Most, 
or all, of the nicsothclial cells of the dura are destroyed. Tlic 
purulent exudate, which contains various types of streptococci, 
staphylococci or pneumococci, occupies the dilated subdural 
space. A serous type of internal pachymeningitis probably' does 
occur but can scarcely be proved because of spontaneous cure. 
In purulent internal pachymeningitis the arachnoid is nearly 
always involved cither by contiguity or along the pacchionian 
bodies, The inilammalion is mild and localized unless the inter- 
nal pachymeningitis is virulent and causes spreading leptomen- 
ingitis, which usually is fatal. The cerebral cortex beneath the sub- 
dural empyema is anemic and the veins of the pia may’ be dilated. 
Frctpicntly' the cortex is flattened or depressed. Necrosis of the 
underlying cortex, forming a cortical brain abscess (p. 327), is 
not uncommon and probably' is responsible for the focal brain 
symptoms. 

Tlie external layer of the dura usually presents only' slight 
perivascular infiltration when the iutcnial pachymeningitis was 
due to infection by continuity. With infection by contiguity both 
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layers may be cliangcd into granulation tisstic so that the dura 
consists of granulation tissue throughout. In some instances the 
infection prorluces less gramilatioii tissue but causes thrombosis 
of the blood vessels of the dura, resulting in discoloration and 


Fic 41.— Inlprnal paih)Ti>CHtn|tH j (P) d«c to acute cjaccrlMtion of clinuiic 
utitis. Mai, intcnial auditor)' mcaiut, MC, rnkWle crani.il fossa; J'F, i»»teri<>r 
iT.inijI fossa, O, osteitis of superior angle of i>etmus Imne, D. (liir.i; D,, iiiirl<dlv 
tliiclened dura; T, dural fisttilj (After CwliUlwld ) 

necrosis of the dura. Since the two \uscular layers of the dura 
aiiastoiuosc with cacb other, necrosis will result otily when both 
layers are itivolvctl. For this reason, when a necrotic spot is dis- 
covered on the outside, one can reasonably assume that the necro- 
sis insolvcs tlic entire thickness of the dura. l,ater tlio necrosis 
gives nay to a fistul.i comiminicatiiig Iwrlwecn the subdural space 
and an extradural abscess or, eventually, the cavils of the niiddle 
car or a paranasal siiitis. 

Internal paclis meningitis Is most frt‘<juently found at the base 
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of the temporal lobe (Fig. 41), or on the anterior surface of the 
cerebellum if it originates in the ear; it is found at the base or 
on the anterior and lateral surfaces of the frontal lobe if it orig- 
inates in the paranasal sinuses or pharjm, and it may be found 
almost anpvhere in the brain if it is caused by metastasis. 

If internal paclijmeningitls produces a serous exudate or 
only a small amount of pus, spontaneous cure is likely, with ad- 
hesions between dura and arachnoid, originating principally in 
the dura. In more advanced cases a fistula of the dura may form. 
It must be kept in mind that such a fistula may be caused by 
intenuil paclijmeningitis, a brain abscess or both {Fig. 41). In 
neither instance does tlic fistula establish adequate drainage, and 
if drainage is not established surgically, leptomeningitis is likely. 
Occasional!)' subdural emp)'ema spreads over large areas of the 
brain. Up to 100 cc. and more of pus lias been found covering 
the hemispheres from the occipital to the frontal pole. Meningitis 
is the final stage unless there is surgical intervention. 

SYXtPTOMATOLOCV 

Pach)’mcningitls is not a well defined clinical entity, for the 
S)inploms frequently arc oliscured by those of sinus thrombosis, 
brain abscess, labyrintJiitis or osteomyelitis. For this reason diag- 
nosis is often difficult, and internal pach)Tncningitis is probably 
more common than clinical diagnoses indicate. 

The disease may lake a fulminating course, lasting a week 
or less, or a protracted course, extending over several weeks. 
As in pach)Tneningitis interna haemorrhagtea, the fluctuation and 
variety of sjTnploms are significant in pach}meningitis interna 
pumlenla with a protracted course. The patient may appear to 
he acutely ill, with fever, drowsiness, pareses and cloudy cerebro- 
spinal fluid, then several days later show definite improvement 
of all sjTnptoms. Unless proper treatment is administered, the 
improvement might lum rapidly into fatal meningitis. 

Emphasis is frequently laid on the latent course of a large 
subdural empyema. However, analpis of "latent” pachymenin- 
gitis intcnia in retrospect often reveals that it was not latent, 
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but ratber that there was failure to evaluate the symptoms 

properJ)’. 

In a boy, agetl 10, who presented uhat seemed to i)c a siinpJe 
cliolestKitoma of the left tympanic cavity, a tjpical radical mastoid 
operation was perfonned. TTic legmen was necrotic and was remos’ed. 
Tlic dura of the middle fossa was hyperemic, bulged toward the 
cpitympanjim and was pulsating. Tlie night after the operation men- 
ingitis de\'eloped and look an CKtraordmarily fulminating course, with 
death the following day. Autopsy rexealetl marked pachjaneningitis 
interna on the involved side and leptomeningitis. 

In this case the internal [vachvmeningitis was apparently latent. 
However, in retrospect it liecame evident that there were symptoms 
prior to operation: the patient complained of headache, more inarkMl 
than with a simple cliolosteatoma associated with tegmen necrosis, 
which gradually increased and was localiml in the left occiput. Fur* 
Ihermore, two months before admission he liad two “sleeping spells," 
during which speech was strikingly altered. On admission the patient 
was aailely ill and percussion over the left icmporal sqnama mealed 
a dull sound. Tlic tip of the mastoid was deiinifely edematous. Tliere* 
fore, internal pachymeningitis was not actually latent, although cor* 
rcct diagnosis was not made. A brain abscess was considered before 
operation, but lumbar encephalography did not reveal pathologic 
changes. Tlic cerebrospinal fluid was normal crcepl for a posiliv’c 
Tandy reaction. 

Although in some instances internal pachvmeningitis pre- 
sents a meager symptomatology, in others there is a great variety 
of symptoms. As with brain alrscess, the general brain symptoms 
arc of utmost importance altliougli the intensity fluctuates, where- 
as it is continuous with brain .alwccss. 

Stjstetnic stjmploms.—’Tiic p.»ticnt, usually male, is acutely ill. 
The temperature is only slightly niisctl, to 100.4 F. or more, 
unless there is meningitis or sinus thrombosis. The pulse rate is 
slightly increased, according to the tcmpcralnro. The blood con- 
tains 15,00(V-30,000 leukocytes. 

General brain .sr/m/Jtoms.— The principal symptom is head- 
ache, which may be localized in the temporal squama on the 
involved side, in the occiput or in the frontotemporal area. Vomit- 
ing. with or without previous nausea, is common. The patient is 
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drowsy, but several days later may be alert and clear. Later tliere 
may be delirium, stupor and coma. Papilledema as well as other 
symptoms of intracranial hj’pcrtension occurs infrequently, and 
optic neuritis occasionally, ^fcningeal symptoms, such as rigidity 
of the neck and Kemig’s sign, arc not striking unless tliere is 
incipient meningitis. However, marked meningeal symptoms are 
sometimes noted at the onset; they may recede in several days, to 
be replaced b)' marked focal sjTnploms. Several days later the 
meningeal symptoms may reappear, indicating fatal meningitis. 

The cerebrospinal fluid is cloudy and contains a large amount 
of leukocytes, albumin and globulin but no bacteria. Pressure 
is increased and the sugar content normal. If tbc course is pro- 
tracted, the findings in tbc cerebrospinal fluid may improve con- 
.sidcrably while the clinical s)7nptoms arc statfonarj' or even 
increased. One should not be misled by these contradictory find- 
ings, called syndrome de discordance. 

Focal brain symptoms.— Smee internal pacliymeningitis ina^ 
occupy various sites on tbc surface of the brain and have an 
intermittent clinical course, the focal brain symptoms are ex- 
tremely variable and fluctuant. Common symptoms are: parcscs 
of the contralateral extremities (rarely of tlie ipsilateral extremi- 
ties); jacksonian attacks; nominal aphasia; motor aphasia; heml- 
anopia; paresis of the abducens nerx'e; paralysis of conjugate 
movements of the eyes, usually to the contralateral side, and 
associated or unassociated with deviation of the eyes toward 
the involved side; ptosis; difference in size of the pupils, the 
larger usually being on the involved side, and paresis of the 
tongue. If due to pressure on the cerebral cortex they may be 
lemporaiy. If due to a cortical abscess they arc permanent. 

Aural and nasal sj/mp/oins.— Pachymeningitis intenia is most 
often seen in chronic otitis media with cholesteatoma and rarely 
without cholesteatoma. In acute otitis there is primarily a sinus 
thrombosis which causes internal pachymeningitis in the posterior 
or middle or anterior cranial fossa. 

An exceptional case was that of a wtiman, aged 50, s\ho presented 
acnte otitis on the right side of two dap’ duration. Examination of the 
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dniTii jnraibraiie m-calotl recent acute otitis; nevertheless, the patient 
was acutely ill, with temperattire 101,3 F. Paracentesis of the clniin 
membrane eatiswl vascular eollvpse. Two days later slic was liospital- 
ized with gcnerali/ed meningitis, liemolytlc streptococc-i in the spinal 
ilnid and paresis of the left arm. At operation a small sequeslnim was 
found in the tegmen hmpani. Beneath the sequestrum was a fistula of 
the dura through which pus escajvetl. Tlicrc was abo poriphlebjlis of 
the lateral sinus but no thrombosis. Granted that the history as re- 
ported by the inlclhgonl patient was conect, internal pachymeningitis 
was established with evtraordinary rapidity in this case. 

rachyTueningilis caused by labyrinthitis is rare. Even more 
unusual was that in a ease in which a retroatiricular hstuln was 
closed by a plastic procedure 13 years after a radical mastoid 
operation. After operation internal pachymeningitis developed, 
followed by fatal leptomeningitis. 

Pachymeningitis interna originating in the paranasal sinuses 
is most often dtic to chronic frontal sinusitis causing necrosis of 
the posterior wall of the sinus. In acute infections of the frontal 
sinus the micro-organisms may travel along the anastomosing 
l)lood vessels toward, and eventually through, the dura. Infre- 
quently, internal pachymeningitis orighuates in a chronic inflam- 
mation of the ethmoid. Tlicre arc a few rqiorted cases in which 
It was caused by acute cthinoiditis. In all, there was orbital 
swelling on the involved side. Obviously all paranasal stnusc.s, 
even the maxillary sinus, may cause metastatic pachymeningitis 
interna if they are the primary sovitcc of septicemia. Pachymenin- 
gitis interna may also l>c caused by acute osteomyelitis originat- 
ing in the frontal sinus. In such cases it is apparently not the 
external pachynieniiigitis but the infection of the superior longi- 
tudinal sinus which causes the internal pachymeningitis. 

Ill a personal case then* were* extensive osteomyelitis of the front.il 
scpi.im.t, tbromlxiphlebitiv of the superior longitudinal sinus and 
evteiisivc padiymeiiingitis intenia. At autopsy a gre.it amount of pus, 
coulainiug Staph, allius, was found between the occipital lobes. 

nUTTnEXTIAL PIAGNOSIS 

Great difliciiltics arc encountered in tlie differential diagnosis 
of pachymeningitis interna and brain abscess. In fact, it is usii- 
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ally impossible to arrive at a definite diagnosis after a single 
examination. In some cases tbc fliicttiation of s)Tnptoms, tlie 
early manifestation of marked focal Imiin symptoms indicating 
involvement of the cerebral cortex, c.g., motor aphasia or jack- 
sonian attacks, and the absence of intracranial lijpertcnsion and 
marked leukocytosis favor the diagnosis of subdural empyema. 
More often the correct diagnosis is made at operation. If pus 
escapes through the incision in the dura, puncture of the brain 
.should he postponed unless tlic diagnosis of brain abscess is 
firmly estaldished. Puncture of the brain should also be post- 
poned when a dural fistula is disclosed because it may be caused 
citlier by a braiu abscess or by stilxltiral empyema. 

Differential diagnosis of external pachymeningitis and ex- 
ternal plus internal pachymeningitis is difficult. The following 
obscrvnlion.s may be helpful: patients with external pachymenin- 
gitis arc not acutely ill; the general and focal brain symptoms are 
not marked, if present at all; there is no fluctuation in intensity of 
symptoms; the cerebrospinal fluid is clear, and the dura shows 
neither necrosis nor fistulas. 

Differential diagnosis of subdural empyema and punilent 
meningitis is extremely difficult, especially when tlie former 
runs a rapid course. lu the prc.sencc of meningeal symptoms the 
predominance of focal brain symptoms pointing to involvement 
of the cerebral convexity and the continuous absence of bacteria 
in the cerebrospinal fluid suggest the diagnosis of subdural 
(‘mpyoma. 

ri\OGNOSlS 

The outlook for internal pachyineningilis is not favorable. 
Among 50 cases, the mortality rale was 65 per cent. The outlook 
is pnictically hopcle.ss for cases of cholesteatoma plus sinus 
thrombosis plus internal pachymeningitis. It is extremely hazard- 
ous also when internal pachyinenIngUis runs a ’latent” course 
and even aural examination fails to reveal an acute exacerbation 
of chronic otitis. In these instances, if a radical mastoid operation 
or an operation on the paranasal sinuses is perfonned without 
creation of sufficient drainage of the subdural empyema, ful- 
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minatiiig niciiingilis ituy follmv. In the ciise menlioiiod previ- 
ously (p. 130), the dura of the middle fossa was simply hy- 
peremic when exposed during the radical operation, but a day 
later autopsy revealed necrosis of the dura of both middle and 
posterior fossas. 

TREATACnST 

Except in mild types of internal pachjaneningilis, which are 
rarely diagnosed and probably undergo spontaneous cure after 
elimination of the bone infection, the treatment is always surgical. 
Exposure of the dura alone mav be sxtfRcient for internal pacb)* 
meningitis of the posterior fossa caused by a sinus thrombosis, 
particularly in )oung persons. In all other cases the subdural 
space must be ilraiucd. Tlic question arises wlicthcr this should 
be done by incision or e.xcision of the dura. Although it Is dif- 
ficult to keep a simple incision open if no drainage tube or gaii7C 
is introduced into the subdural space, excision may sever adhe- 
sions lictwecn dura and arachnoid which protect the subdural 
.space. For this reason, I prefer the following procedure. If there 
is necrosis or a fistula of the dura or if the diagnosis of internal 
paclijanoningitis is finnly established, the dura is incised by a 
cross-like Incision. The four dural flaps are reflected and a large 
opening of llic subdural space is created. Adhesions in the sub- 
dural .space should he left untouched. If there are no adhesions, 
a probe should not be introduced into the subdural .space to 
locate adhesions. In the absence of adhesions, the length of the 
cross-like incision corresponds to the findings in the cerebral cor- 
tex, wliicli is anemic and edematous and presents dilated xcins in 
the are.a of .subdural empjema. In any event, the incision should 
not be too small, because the edematous brain often bulges 
througb the opening in ibc dura and the bemialion through a 
narrow opening may become necrotic. Tlie exposed brain is cov- 
erctl with vaseline gauze, the wound left open and chemolhor.ipv 
adminislcrctl. If, later in the course, the diagnosis of sulKhiral 
empvcma proves to be incorrect and brain abscess is diagnosed, 
the lirain can l>e punctured at the previously exposed site or 
through a sterile field. 
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If internal pachymeningitis is widespread and cannot be 
properly drained through the mastoid or frontal sinus, one or 
several trephine openings must be made, preferably in the fronto- 
temporal and occipital areas. Chemotherapy will hasten recovery 
in mild cases, and in severe cases is a useful adjuvant to surgor)\ 

Paciiymenincitis Tubehculosa 
Tuberculosis may involve cither the internal or the external 
layer, but only exceptionally both layers of the dura simul- 
taneously. ' 

Tuberculous internal pachymeningitis is commonly caused by 
tuberculous meningitis. Small tuberculous nodules arc found on 
the inside of the dura in the area of the sella turcica, on the 
clivus and in the area of the lesser sphenoid wings and optic 
foramen. From a practical point of view, this type of tuberculous 
pachymeningitis is of minor importance. The more interesting 
type is tuberculous external pacliymeningilis from infection by 
contiguity originating in tuberculous otitis media, tuberculous 
osteomyelitis of the malar process or temporal .squama or, rarely, 
tuberculous infection of the etlimoid or sphenoid. In these cases 
there are diffuse or nodule-like infiltrations, ulcerations and/or 
granulations on the outside of the dura. Rarely, the tuberculous 
inflammation extends to the internal layer of the dura; however, 
in a few cases on record llic inflammation traveled through the 
dura and pia-arachuoid and even extended into the hrain. 

The diagnosis of tuberculous pachymeningitis is difficult. If 
it is due to tuberculous leplomcningitis,^ the dia^osis is impossi- 
ble and unncce.ssar)'. If it originates in tuberculosis of the 
temporal bone, the constant headache and normal cerebrospinal 
fluid may point to tuberculous external pachjnmeningitis. 

The prognosis for tuberculous e.xtenial pachymeningitis is un- 
favorable if associated with tul>erculosis of the lungs or skeleton. 
In the al)scnce of active tuberculosis in the body, pachymeningitis 
tuberculosa may continue for several years, even tliough surger)’ 
is not performed on the car. 

Treatment is surgical if there is no more active tuberculosis 
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in tlie liin^s or skeleton. It consists of n radical mastoid opera- 
tion and c.xposurc of the dura. In several reported cases cure 
followed surger)' and postoperative x-ray therapy. If there is 
active tuberculosis in the lungs or skeleton, surgery is not to be 
considered. 

PACimtENMNOmS HAEXfOIIWIACtCA iNTEnXA 

Internal hemorrhagic paebjmeningitis is dv>c to a primary 
proliferation of the submcsotlielial tissue, probably after a lesion 
of the dural mesothclium Tlie proliferation is associated with 
exudation of fibrin and beinorrhages. ^^^Jen ibc bloorl becomes 
organized in a later period, membranes are deposited on the in- 
.side of tbc dura. 

In several cases of ear diseases internal bemorrbagic pachy- 
meningitis has been noletl, but lliesc findings seemed coinci- 
dental The otogenous origin of internal hemorrhagic pachymen- 
ingitis is not proved. 
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CHAPTER THREE 


Inflammatory Diseases of the 
Dural Sinuses; Septicemia 


PeJUIMILEDITIS AKD TimOMliOPHLEniTIS OF 
Duiul Sinuses; Septicemia 

PEniPHLEmns is Inflammation of the wall of the sinus whicli or* 
iginates in the surrounding tissues and involves tlic external layer 
of the sinus x\'all. Tlirombophlehllis is inflammation of tlie uxill 
of the sinus which originates in the surrounding tissues, involves 
the entire .thickness of tlic sinus wall and causes localized de* 
structlon of the endotliclium. In the area where the endothelium 
is destroyed, tlic sinus is partially or completely occluded by an 
intravascular clot. 

PATHOLOGY 

Inflammation in the temporal bone, paranasal sinuses or 
pharjTix may cause thrombophlebitis of the dural sinuses or 
terVfs- a{ the ucck. rhronrhophfefrrfns of the eforaf irfmtses- rmy, 
in turn, cause secondary complications such as inlenial pachy- 
mcMiingilis, leptomeningitis, brain abscess and septicemia. Occxi- 
sionally thrombi arc found in the lateral and/or superior longi- 
tudinal sinus without inflammation of the walls. Tliesc clots 
occur particularly in aged or debilitated individuals witJi an 
infection .s»icli as pneumonia or erysipelas or with a malignant 
tumor. They are called marosinic thruinbi. This type of thrombus 
is not common and is not to be considered an intracranial com- 
plication and therefore is not discussetl in this \olnmo. It should 
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be emphasized, iio\vc\'er, that in children marasmic tliromlii may 
be associated with septic tinomboptdebitis. Owing to tliis associa- 
tion many of the dural sinuses of the skull may be occluded. 

There arc four wavs by which an infection may cause throm- 
bophlebitis of the sinuses and veins of the neck: ( 1 ) infection by 
contiguity; (2) infection by continuity; (3) infection by com- 
pression; (4) infection by injur}'. 

1. lufectlon hij contiguitij.—Tlm is the commonest route, 
especially when tlie lateral sinus is concerned. For this reason the 
following discussion deals particularly with the lateral sinus. The 
bony plate covering the sinus is absorbed In osteitis and replaced 
by granulations and pus. Thus the sinus is covered by granula- 
tions and pundent e.vudatc, but there are seldom necrotic areas. 
The granulations may proliferate to sttch a degree that the sinus 
Iiccomes compressed and contains onU a thin column of blood. 
These cltangos indicate a penphichitis analogous to external 
pachv'meningitis. Since tlie poriphlebilis may contimic for a com- 
paratively long perio<l without causing thrombophlebitis, it must 
l)c considered both a pathologic and a clinical entity. 

FonMATiON OF TimoMHUS.— When inn.immatioti of the sinus 
wall inv'olvcs the endothelium, platelets arc deposited on tin* In- 
jured vascular surface and the periphlebitis becomes a thrombo- 
phlebitis (Fig. 42). I agree with the many otologists who believe 
that injur}' of the endothelium is the principal cause of thrombus 
formation in the dural sinus. Others claim that a thrombus m.iy 
he formed by alteration of the blood in the area of the infl.imina- 
tion owing to a sjjccific action of bacterial toxins. This alteration 
may be of great importance in postoperative atid static throm- 
boses as they occur in general surgerv, but it is of minor impor- 
tance in otogenous and rhinogenous throinboplilebilis of the dtinil 
sinuses. This opinion is Ixiscd on llic numerous eases of mastoidi- 
tis in infants in which granulations and frank pus arc found adja- 
c-eiit to the sinus wall hut a thronilius .seldom forms, even though 
the dura of Infants is more jjenncable than that of a<Iults. 

Additional factors encourage the formation of a thromhus, 
parlicul.vrlv in the lateral sinus. Tlie hlood pressure in the sinus 
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is low. From the trihutar}' veins, blood pours into the sinus at 
various rates, thus causing eddies in the sinus. These eddies in- 
crease when tlio lateral sinus passes into the jugular hulb, which 
may fonn a high dome, the longitudinal axis of which forms an 
acute angle with the longitudinal axis of llic lateral sinus. 

There may first be a mural conglutination thrombus which 
adheres to the sinus wall but does not occlude the vessel (Fig. 
42). Mural thrombi, according to a widely accepted theory, serve 
as a defense mechanism against extension of infection to the blood 



Fic. 42.-'Typcs o£ Oiromix>plilebitii of Mgiimul sums <S). / o, pcnphlehitis, 
h, mural llirombus; c, necrosis of sitms svall, causing licmorrltage from sinus. 
ll: T, obtiirulmg tlironibus; il, tliromlnj-cmlopblcbilis, c, ps-riplilebiUs III, com- 
pression tliruinbosis: T, thrombi; A, perisinus alwcess, C, cfrebclluni. 

Stream and against rupture of the sinus wall. This theorj', liow- 
c\’cr, may be d^spro^’cd by a careful study of these thrombi. A 
thromints, allliough containing no Iwctcria at the moment of its 
deposition, may later Iwcomc the source of septicemia and septic 
metaslases. For this reason It is likely that mural thrombi usually 
become infected soon after deposition. Likew'ise, mural thrombi 
do not in all instances prevent nipturc of the sinus wall. In this 
respect veins and dural sinuses dilFcr conspicuously. Since the 
.sitms svalls are not reinforced by a uiuscular and a definite clastic 
layer, they arc le.ss resistant to pressure from witliiti than are 
the walls of the \eins. In Uiroiubophlcbitis the resistance of the 
sinus wall is c\cn more diminished, owing to the edema and 
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eventual endarteritis obliterans of the arterioles' of tlic wall. 
Therefore even the low pressure within the sinus may overcome 
tljo resistance of a mural thrombus and may rupture the sinus 
wall (Fig. 42.). This is particularly apt to occur in traumatic 
sinus thrombosis (p. 152). A hemorrhage from the sinus may be 
caused by a mxunl thrombus prior to, as well as after, a mastoid 
operation. In some cases the hemorrhage does not cause any 
sjniptoms and is noted only at operation. In others, there are 
periodic intense heniorrljages from the external auditoiy can.d. 
Hemorrhages from llic sinus usually indicate severe infection. 

Extension of the TimoMnus —A thrombus may remain mural 
and cause septicemia, or it may Irecomc organized. Usually, liow- 
ever, it e.xtcnds in the longitudinal axis of the sinus as well as 
lou^ard its lumen. Extension toward the lumen, caused by coagu- 
lation of blood, changes the mural thrombus into an obliterating 
thrombus (Fig. 42). It is likely that an obliterating thrombus 
often forms immediately, without passing through a murn! phase. 
Longitudinal extension of the thrombus is due to coagulation 
thrombosis, progressive thrombocndophlebitis* and/or progres- 
sive periphlebitis. Tliereforc in some cases the thrombus extends 
fartlier than the poripblebilis, and in otljcrs the periphlebitis pre- 
cedes the throniUis. An obliterating thrombus in tlic lateral sinus 
has a spindle shape (Fig. 42). 

Primarily, the obliterating thrombus extends in peripheral di- 
rection; that is, it extends toward the torcnlar to the opening of 
the next trihular)’ vein, so that the blood pouring from this vein 
into the .sinus nms over the tip of the thrombus. Soon, however, 
die blood peripheral to the ihronihus in both the sinus and tlic 
tributajy vein reverses the flow, and the thrombus then extends 
toxx'ard the heart as well. Formerly, instances of enormous ex- 
tension of .sinus thrombosis were frequently observed. In recent 
jears they have become less coninuin since timely operation usu- 
allv prevents further extension. 

*li> lIin)m1>i>cii<I»pliIf!>iHy the ongCnalmK i't an inrodtil (Iiroinixu, 

appro.iclics llip cn<li)t!K'ljiim nf the riiw« w^l from witliin (Fip t2), wtii-friw fn 
pcripliJehilw the infi-ctJon eitoniU from lltc surrouinliiiC tiwie into tl«’ cxlrnnl 
Ia)or iind e\entti3lly’ into tlu: rmfothcltom of the tiniii v^a^. 
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The thrombus invoh'cs particularly tlic large vessels and does 
not extend far into the tributary veins. However, t!ie inflamma- 
tion of the sinus wall extends into the walls of the tributary veins 
and causes formation of a thrombus which may or may not be 
continuous with that in the sinus. Tlie sinus thrombus does not 
alwa^'s extend continuously, for discontinuous extension may 
occur, particularly in tlie superior longitudinal sinus. The patho- 
genesis of this type is not clearly understood, but there may be 
an embolic displacement of particles of the thrombus into other 
parts of the sinus. Occasionally discontinuous extension is simu- 
lated by partial liquefaction of one tbrombus or by a thrombus 
which originates in a tributary vein and extends into the lumen of 
tlie sinus. 

Infxction by inflamed lymph nodes.— A special typo of in- 
fection by contiguit)' is caused by inflamed l^mpli nodes adjacent 
to tljo veins, particularly the internal jugular vein. A mural 
thrombus is usually formed at the site of the node, and occasion- 
ally an obliterating thrombus ex!er)d.s from the jugular vein to tlic 
lateral sinus. In other instances bacteria origiimting in the node 
travel through the wall of the vein and cause septicemia without 
fonnalion of a grossly visible tlirombus. 

In a personal case, symptoms of otitic septicemia were simnidted 
by an iiiflanu’d node adjacent to the mastoid emissary vein. Tlie 
Innphadcnitis was probably caused by a dermatitis of the scalp. 

2. Infection by continiiity.— This is due to extension of throm- 
bophlebitis from a small vein into a large sinus. The cavernous 
sinus is the one most frequently involved, the thrombosis being 
produced by extension of infection from tbc opbtbalmic veins, 
carotid plexus, pharyngeal veins and others. Similarly, the lateral 
-sinus becomes involved by extension of tbrombopliicbitis of tbc 
mastoid emissary vein, and the inferior petrosal sinus hy exten- 
sion of thrombophlebitis of the inlenial auditory vein or vein of 
the cochlear aqueduct. In all of these instances the thrombus 
Inilges into the sinus, and it is likely that the Idood in tljc sinus 
drags away particles of the thrombus to cause septicemia and 
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even melastases before there is actual thromboplilebitis of tlie 
sinus. Obviously, infections of this t\’pc will cause septicemia 
more rapidly than infections which extend by contiguity and 
cause osteitis before they imolvc the sinus. 

Osteophlebitis pyemia.— A ll of these instances of infection 
by continuity demonstrate that otorhinogenic septicemia may oc- 
cur witljout thrombophlebitis of one of tlie large sinuses. How- 
ever, there arc always comparatively large \cins, such as the 
ophthalmic and mastoid emissary veins, which serve as the source 
of septicemia. In addition, the doctrine has been advanced that 
venous capillaries which nin through the bony plate covering the 
lateral sinus and cany blood from the mucosa of the mastoid cells 
to the sinus may become involved during mastoiditis. These 
small veins are believed to be the source of a septicemia called 
osteophlebitis pyemia. In my opinion, this concept is open to 
question from the pathologic point of view. Tliere is no doubt 
that thrombophlebitis of tlie anastomosing venules docs occur 
in acute otitis media and mastoiditis. But this thrombophlebitis 
is more common than the septicemia which is attributed to these 
vessels. Moreov'cr, the venules arc very narrow. That they can 
harbor enough infective material to cause septicemia seems 
questionable. For this reason I liclicve that in these cases there 
is an additional infection of the sinus wall, because operation 
usually reveals slight changes such as hyperemia or exudation of 
fibrin at the wall. 

Although the underlying pathologic process is not clearly 
understood for want of microscopic examinations, osteophlebitis 
pyemia should be considered a clinical entity, with the following 
cliaracteristies. (1) It occurs particularly in children and adoles- 
cents. (2) It occurs almost exclusively with acute otitis media. 
(•3) It usually occurs in diploic masloids. (4) It causes metaslases 
in muscles and joints hut not in the lungs. (5) At operation, 
marked hyperemia of the mastoid Is noted, hut seldom a great 
amount of pus (6) The wall of the lateral sinus either is nomml 
or presents a .slight amount of fibrinous exudate. (7) The outlook 
is favorable cxc<*pt in patients debilitated by another disease. 
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3. Infection by coMi/ircaston.— Pressure on llio lateuil sinus by 
ji jjeris'intis abscess is believed to obliterate the lateral sinus and 
cause compression thrombosis (Fig. 42). This concept, however, 
is not in accord with the present view concerning the formation of 
an infective tlirombus. Disregarding the fact lliat a perisinus 
abscess rarely compresses the sinus, a thrombus forms only when 
pressure is associated with an infection of the sinus wall, the 
infection being of greater importance. Pressure alone is not effec- 
tive, as shouTi in cases of large cerebellar abscess whicli ma\’ 
severely compress the lateral sinus without causing thrombosis. 

Compression thrombosis occurs most frequently in children 
and young people and with both acute and chronic otitis, although 
moie often with cholesteatoma of the tympanic cavity, Operation 
reveals a large extradural abscess caushig conspicuous periplile- 
bilis of the lateral sinus. On incision of the sinus tlie portion be- 
tween the knees is seen to be empty or contain a small amount 
of blood. Tiic cerebral wall of the sinus presents normal endo- 
thelium. Toward both tlie torciilnr and the jugular bulb the sinus 
is shut off by obliterating thrombi (Fig. 42). These cases of com- 
pression thrombosis should not be confused wth cases in which 
no blood is found in the middle portion of the sinus but there is a 
fistula in the wall of the sinus and pus escapes from the sinus 
through the fistula into the mastoid cavity (p. 154). 

For two reasons one should be acquainted with the surgical 
findings in compression tlirombosis. (1) If the lateral sinus is 
carefully incised, kayer by layer, and only a small amount of 
blood escapes, a mtiral tbrombns or a compression thrombosis 
slunild be assumed to be the cause. Tlie diagnosis can he made 
easily ))y deepening the incision. If blood then gushes from the 
sinus, it is a mural thrombus; if no more blood escapes, the diag- 
nosis is comprc-ssion tlirombosis. (2) If with a compression 
thrombosis tlie sinus is fovind to be empty, one should not be 
tempted to incise the cerebral wall of the sinus. Tin's error could 
cvcnUially cause meningitis or a cerebellar abscess. 

In treatment of compression thrombosis, both thrombi 
blocking free circulation of blood in the sinus should be removed. 
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Particular attention must he gi\cn to the periplieral thronilnis 
Mocking the hlood flow fmm the loicular into the lateral sinus. 
This should he entirely rciuove<l until there is a free inllux of 
Mood into the sinus. Whether or not the jugular vein should he 
ligated depends on the further course of the infection. 

An infant, aged 15 months, liad a large perisitiiis abscess ^v]|^c]l 
had perforated the mastoid cortex near the inferior knee of the lateral 
sums. The sinus was covered by a lajcr of fibrin and granulations 3-t 
mm. thick. After removal of this tissue the wall was white and thick- 
ened, blit smooth. Tlie middle portion of the siiuu was incised and 
found empty. Tlie cerebral w.ill was smooth and glistening. Although 
the incision wa.s prolonged to the superior knee of the sinus, no blood 
was obtained. Then a blunt probe was introductxl into the lateral 
sinus and the peripheral thrombus perforated. Although there was a 
flow of blood, tills technic apparently was not radical enough, hc- 
ennse 19 days later the temperature rose to 103.0 F. At this time the 
child was under tlie care of a pcdiatrici.in who attributed the focr 
to an upper respirator)’ infection, although failure of the rctroauricular 
incision to close indicated that pathologic tissue remained in the 
mastoid. The child was treated for an upper respiratory infection 
and in a week the temperature fell to normal. In the following five 
weeks there was occasional fescr of 101.5-J02.7 F., continuing for 
one or two days. Ten weeks after the mastoid operation, fulmitial- 
iiig meningitis developed. At a second operation further extension of 
the p.ichymoningilis of llic posterior cranial fossa was notetl, and 
although a great amount of thrombus was removed from the lateral 
sinus, free flow’ of blood svas not obtained! from the torciilar. Chemo- 
therapy was not available at that time. Death in this case was due to 
failure to remove the thrombus in its entirety and to postponement of 
the second operation. 

Although the pathogenesis of compression thrombosis is not 
clearly understood, it is likely that in some instances there is 
primarily an obliterating throml>us which becomes partiall)' dis- 
integrated. The thrombus remains at the upper knee of the sinus, 
Mocking the hlood flow from the toretdar, while the rest becomes 
liquefied and pus escapes In’ gravity toward the jugular bulb, 
leaving the middle portion of the sinus empty. In other instances 
other mechanisms may he at work. At any rate, the sinus is not 
compressed as long as it contains Mood. Tlie middle portion of 
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t))u sinus J)eco)T)es empty first; Ujcii tlic pressure exerted by tbe 
perisinus abscess acts on it. 

4. lufeclion hij in/iiry.— Disregarding trauma to the dural 
sinuses in Iiead injuries, only injuries due to surger)’ arc to be 
discussed. Surgical injur)' most frequently involves the lateral 
sinus and includes: (1) puncture or incision of the sinus for 
diagnostic purpose; (2) accidental injur}'; (3) simple exposjire of 
tlie sinus. Sinus thrombosis subsequent to surgical exposure of tbe 
sinus has particular practical significance which is stressed by the 
term traumatic sinus thrombosis. 

Puncture or incision of the sinus wall for diagnosis is followed 
by rapid closure through formation of a thrombus at the site of 
injury. There is no infection or further extension of the thrombus. 
Thrombophlebitis or septicemia following a properly performed 
incision of the sinus is extremely rare. Accidental injuries of the 
sinus arc more serious. In cases of virulent infection in the mas- 
toid cavity, severe septicemia may ensue. For this reason, injur)' 
of the sinus in a case of acute exacerbation of chronic otitis is, 
other things being equal, more hazardous than in a case of 
mucosis otitis. Accidental injuries are usually caused by bone 
chips pushed into the sinus wall, malcing a wound with ragged 
margins. The margins soon become necrotic, inviting an infec- 
tion of the sinus wall. Hcmorrliage occurs unexpectedly, whereas 
in incisions for diagnosis the surgeon expects bleeding and is pre- 
pared to arrest it. For this reason, tlie proper technic is not ahvav's 
used in arresting the bleeding and an infection of the injured simis 
wall ensues. Tlic hazard is particularly great wlicii accidental in- 
jur)’ occurs at the beginning of the operation and the damaged .si- 
nus wall remains exposed during the operation. If thromhophle- 
hitis occurs, high fever and chills appear ses'eral hours after tlic 
operation. The oiitlooh in these cases is not entirely favombJc, but 
timely rcoperation and cbeinoliierapy will give a considerable 
numlicr of recoveries. 

TnAUMATic SINUS THROMDOSis.— Tlus type has great practical 
importance because it is the commone.st sinus thrombosis clue to 
surgical injury. Tlic sinus is injured only to the extent of simple 
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exposure of tlie sinus. Since t!ie wall of a normal sinus is quite 
resistant to infection, simple exposure Is not thnigcrons (1) If 
exposure is deliberate, (2) if exposure occurs at the end of the 
mastoid operation, (3) if the sinus wall is not extremely thin, 

(4) if the sinus is not exposed uitliin a closed recess of the wound 
and (5) if no secondar)’ infection of the wound occurs. Among 
these factois, the last two arc the most important. A recess is 
fonned when the sinus is exposed bx an Incorrect technic (p. 
196); when, in a radical mastoid operation, the plastic flap 
formed from the posterior wall of the external auditor)' canal 
covers the exposed sinus, or when, in a mastoid operation, large 
rctrosinus cells arc evacnatctl and the retroanricnlar incision is 
primarily closed. In all such instances infective material may be 
nccnmnlaled in the recess created by the operation and cause an 
infection of the exposed portion of the sinus. Of greater impor- 
tance is the socondar)' wound infection xvhich may be followed 
by a traumatic sinus thrombosis cx'cn wljcn the sinus xvas not 
exposed during the mastoid operation. The strain of bacteria caus- 
ing this tx’pe of infection lias not been studied, Imt clinical experi- 
ence indicates that the micro-organisms are usually highly 
virulent. Postoperative ciy slpelas originating in a mastoid wound 
does> not often cause an infection of tlie sinus. 

Traumatic sinus ihromliosis has the following clinical features. 

( 1 ) It occurs more often xx'ilh clironic otitis than with acute otitis. 

(2) Before the mastoid operation s)inptoms of sinus thrombosis 
or septicemia are definitely absent. (3) ImmetUalely after the 
mastoid operation the tempcnilnrc is nonnal or slight!) elevated, 
in contrast with eases of accidental injur)’ of the sinus. (4) There 
arc edema and redness of i/ic sh'n, and cvidierant ^nmnlat/ons 
interfere with nonnal bealing of the relroauricular incision. 

(5) One to two weeks after the mastoid operation there is a .sud- 
den rise of temperature ("alarming fever", Koviplikalinmzacke) 
which ushers in a spiking tempeiatiirc curxe. (G) Operation re- 
veals granulations, necrotic to a great extent, necrosis of the sinus 
wall and, excntually, a mural thromlms. Owing to the nccroti/ing 
inflammation of the sinus wall a large amount of toxins enters the 
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blood Stream before formation of Uic thrombus. For the same 
reason tJie sinus n’all frequently yields to the pressure of blood 
from within, causing sinus bleeding. These findings are at vari- 
ance with those found with thrombosis following accidental in- 
jury of the sinus. In the latter case large thrombi may be found 
two to three days after the injur)', whereas in traumatic sinus 
thrombosis only a mural thrombus is ordinarily found after one 
to two weeks. This is probably due to tlie fact that after injur) 
of the sinus wall the infection immediately invobes the entire 
lliickness of the wall and spreads from witliin outward, as in 
thromboendophlebilis. In traumatic sinus thrombosis the infec- 
tion spreads from without inward and causes a necrotizing in- 
fection rather than a productive inflammation. (7) Even though 
the sinus operation is perfonned, the course frequently is ful- 
minating and dowiliill, and lig;ition of the jugular vein and sulfo- 
namide therapy often fail to achieve a cure. (8) If traumatic sinus 
thrombosis causes metastases they are localized usually in the 
lungs and rarely in the brain, joints or tendons. T1)C following case 
may illustrate an infection of this type. 

A man, aged 31, experienced pain in the right ear on Sept. 23, 
102-1, after swimming. On Sq>fcmber 27 acute otitis was found on 
the right side and paracentesis was done. On September 30 the tem- 
perature was I0I.3 F., and Uterc were a profuse discharge from the 
right eai and mastoiditis. On October 11 a simple mastoid operation 
revcalcil large quantities of pus in the mastoid cells and malar proc- 
ess and granulations in* the anlnim. There was a perisimis abscess, 
but the sinus wall >vas fairly normal except for slight fibrinous deposits. 
Tlic tcgmeii xvas normal. The temperature, which before operation 
had gradually subsided to normal, rose to 101.3 F. on October 12. 
Tile patient complained of pain and tliere was abundant discharge 
from the rctroauricidar incision. On October 1-4 the temperature was 
lOQ F. The rclroauricular discharge continued, hut there was none 
from the external canal. During the night of October 17 there were 
two chills; fcmperahirc in the night was 103.5 F. and in the morning 
102il F. The dressing was soak^ w-ith blood, and the jugular vein 
w.as lig-alcd. WJien the dressing was remoxed from the mastoid cavity 
there w.is a scx-cre hemorrhage from the sinus, and a large tampon was 
insertftl. On October 19 the temperature was 101.3 F.; there were no 
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cliilU. Oil October 20 there w'as no blcctling from the sinus aiitl there 
\verc no chills, but the temperature was 102.7 F. Severe septiceinia de- 
%cIopcd, and the patient died on October 29. At autopsy multiple 
mestastases were found in both lungs. Tliere were parenebjanatous 
degeneration of the iiitcnial organs, enlargement of the spleen and 
Universal jaundice, but there was no meningitis or sinus thrombosis. 

It is higlily important to determine whether or not thrombi 
found in the lateral or superior longitudinal sinus arc infected. 
Bactcriologic c.Taminations frequently yield dilferent findings 
acciJrding to wliclhcr the middle portion or the ends are cul- 
tured. In one case the middle portion and in another case the 
ends may he sterile. Unfortunately, in these cMuninations llie 
search for anaerobic bacteria has been badly neglected. Since a 
.solid red thrombus may yield a pure culture of streptococci while 
in pulrkl portions of the throinims no aerobic bacteria arc found 
on culture, the surgeon cannot know at operation which portion 
of a thrombus contains bacteria and which docs not. For this 
reason it is advisable to consider the entire throinliiis ns infected, 
because the leaving of an infected thrombus in tlie sinus insolves 
greater risk than the removal of a sterile thrombus. 

If the sinus thrombosis does not cause death, the thrombus 
may liccomc putrified and/or organized. Sinus thrombosis has a 
distinct tendency to become organizctl, particular!) niuml thrombi 
and those in small vessels. In the superior longitudinal sinus 
pre-csisling connective tissue scpUims (p. 14) favor organization 
of thrombi. The final result is fonnation within the sinus of gran- 
ulations which arc gradually changed into connective tissue. If 
there is a proliferation of the sinus ciulothclinm, recanalization 
of the sinus ensues. In the laterial sinus, occasionally the infliuncd 
wall liccomes organized wHliout organization of the thrombus. 
In tliMc cases the .sinus wall Ls while instead of blue hnt perfectly 
smooth, while there is pus or fragments of thrombi within the 
sinus. Tliis may be observed in cases of both acute and chronic 
otitis. 

If leukocytes originating in the vasa vasonnn of the sinus wall 
invade the infected thromhiis, the thrombus disintegrates into 
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frank pus. Tlie pus eftlier descends by gravity toward the jugu* 
lar bulb or breaks tbrougb the sinus wall, causing a fistula be* 
tween the lumen of the sinus and liie cavity of the mastoid 
process. 

COMPUCATION’S 

Thrombophlebitis of the dural sinuses may involve the ineii- 
iftges and bmin, or cause metastascs and septicemia. 

fnoo/ocment 0 / meninges nnd brain.— Since the veins of the 



Fig. 4$.— Stibdural emp>ema (/>) and leptomeningitis (a) due tn throinbn- 
plili'liilis of <i dural sinus is). 1, inflanv^d mucosa, 2, lionc; 3, dura, 4, subdural 
spatv; S, snbar.iclinoid space; 6, pia, T, iinim. 


dura, pia-arachuoid and brain drain into the sinuses, thrombo- 
phlebitis of a sinus may spread into the dura, pia-arachuoid or 
bruin (Fig. *13). Tln.s spread suggests that the venotis blootl fiow 
is reversed. Such reversal occurs readily in sinus throjnhosis be- 
cause pressure in the veins is low. Extension may occtir I)y con- 
tinnit)’ or, infrequently, by metastasis. Continuity indicates lliat 
the infection spreads from the sinus to, and along, a veijj. Metas- 
tasis indicates that tbc infective malcriul is carried by the venous 
blood from the .sinus to a remote part of the brain or meninges. 



^56 IXFLAMNfATOnY DISEASES OF DUIIAL SLVUSES 

Tins materia! may be an infected embolus or, as suggcslecl bv 

clinical experience, only toxins or attenuated bacteria. 

If the infection spreads by continuity, purulent infection 
results near the thrombophlebitic sinus. For example, if the lal* 
eral sinus is the source of infection and the infection encroaches 
on a vein of Uie dura, internal paclijineningitis of the posterior 
crania! fossa will result because the principal veins of the dura 
nin in the internal netxs’ork (p. 4), If the infection encroaches 
on a vein of the pia-arachnoid, leptomeningitis will result. The 
meningitis will he purulent if the veins carry viniicnt micro- 
organisms and serous if they carr^' only toxins or attenuated bac- 
teria. If the infection encroaches on a brain vessel, cerebellar 
edema will occur if tlie veins carry toxins or attenuated bacteria 
and a cerebellar abscess if the material is vinilent. 

Metastatic spread occurs more frequently along tlie jugular 
vein tlian along meningeal and cerebral veins. Disturbances of 
blood circulation in the brain or bemorrliages into tbc dura or 
brain, due to occlusion of the sinus, occur not infretjucntl) 
with marasmic tlirombi and sinus thrombosis following abdominal 
operations, but arc rare with otorhinogenous thrombophlebitis of 
the sinuses. 

Infections of the lirain arc caused infrequently !iy a putrid 
thrombus which breaks through the sinus wall and involves the 
brain by contiguity. Occasionally cortical abscesses, but rarely 
subcortical abscesses, arc caused by contiguity (p. 327). A fis- 
tula of the sinus wall caitswl by a putrid thrombus usually drains 
into the mastoid cavity, not into the brain. From the lateral 
sinus and jugular bulb the pus may escape through the fistula 
into the nec^, causing abscesses of flic neck or retropharyngeal 
region. 

•A/t’ifls/fl-scs.— Melastascs develop bv transportation of bacteria 
or fragments of a thrombus into other parts of the body. The 
fragments of a thrombus, called cmI>oIi, may be septic or sterile. 
If a septic embolus or only Ixictcria are carried away, as usually 
occurs in otorhinogenous sinus thromI>osis, the transportation may 
be retrograde or direct. Retrograde transportation takes place 
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when the hlood flow in veins draining into the throinl)osecl sinus 
is reversed. The septic material may he carried from one sinus 
to another, for example, from the lateral into the cavernous sinus 
or from tlie sinus into the brain or dura. However, reversed 
blood flow favors the continuous spread of -the infection more 
than retrograde transportation of emboli. Tlie principal mecha- 
nism causing metastases is the direct transport of septic material 
along the jugular vein into the right chamber of the heart and 
tlienco into the lungs. Emboli of appreciable size remain in the 
lungs, causing infarct, abscess or empyema. Lung embolism wbicli 
is immediately fatal by blocicing respiration is rare in sinus 
thrombosis. If the emboli are small and consist only of bacteria 
or if there is a patent foramen ovale, the emboli are carried into 
the major blood circulation and may be deposited in various 
parts of the body. Tliis may also occur if the emboli originate in 
n secondary thrombopiifebitis of pulmonary veins, 

\Vl)en a septic eml)olus is arrested, a localized thrombo- 
cndopblebitls develops at the site. The localized thrombus be- 
comes infected, and embolus plus localized thrombus form a 
.single thrombus which ultimately causes a serous or, more fre- 
quently, a purulent inflammation of the surrounding tissue. Some 
x\Titers believe that staphylococci cause metastases more fre- 
quently than streptococci and that anaerobic streptococci rarely 
cause metastases even when a large number are circulating in 
t!ic blood. It is probable that metastatic abscesses also serve as 
a source of septicemia, 

Tlie most frerpient and important metastases are those in the 
lungs, Tlje diagnosis of an acute hmg embolus is often dilBcult, 
At onset both physical and x-ray examinations frequently fail 
to reveal definite findings, and many patients have no subjective 
comjdainls. Some complain of pain in the shoulder, believed to 
be due to a metastasis to the joint, which is actually radiating 
from irritation of the pleura. Occasionally there are complaints 
of epigastric pain. In children lung embolism may cause jialJor 
or cyanosis, respiratory movements of the narcs and fi’cation of 
the thorax with abdominal respiration. Hemoptysis, rusty sputum 
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Sind positive results of phvsical examination of tlie chest are noted 
several days later. 


SEKIICEXtlA 

Seplicenua occurs when highly vindent haclcria escape con- 
tinually or periodically from a focus of infection Into the ciicu- 
latijig blood and when the patients imiminity is inadequate or 
fails. Some surgeons do not include inadequate immunity in the 
definition of septicemia, considering tlie inadequate clearing 
mechanism of the body the effect rather than the cause of septi- 
cemia. For two reasons I feel tliat the inadequate clearing mcclia- 
nism of the body should be stressed. ( 1 ) If inadequate resistance 
were the result, and not the cause, of septicemia, the septicemia 
would always be preceded b> simple bacteremia, which docs not 
involve the clearing mechanism of the body, In olorldnnlogic 
cases, however, septicemia is seldom preceded by simple liac- 
tercniia. (2) The gratifying therapeutic results of building up 
the patient’s resistance in septicemia arc better undcrstooil when 
the inadequate clearing mechanism is considered the cause, and 
not the result, of septicemia. Apparently it is the consensus that 
in septicemia tlicrc is no multiplication of bacteria in the blood, 
the bacteremia being due exclusively to the invasion of micro- 
organisms which proliferate in the primar)’ or secondary foci of 
infection. 

Tlierc is no doubt that thrombophlebitis of a dural sinus 
may act as a source of septicemia; it is questionable whether 
bacteria originating in an .abscess ad/acenl to the .sinus are likely 
to migrate tlirongli the sinus wall and cause septicemia without 
throi»})oi}h)c}fitis of tire siiiits. This qiicstimt parliatlir}}’ ctfit' 
corns the lateral sinus and, to a certain c.\tent, the superior 
longitudinal sinus. TlicorelicaU) it »s conceivable that a sinus 
wall, dlomatous because of inflammation, allows the migration 
of bacteria, particularly in acute otitis media of infants and chil- 
dren. In fact, in these cases there is often fever of 104 F. and 
more which rapidly subsides after simple exposure of tlie sinus; 
yet the operation reveals, at most, slight periplilcbitis character- 
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i'/cd by a deposit of fibrin on the sinus wall. It is also possible 
that a distinct anteposition of the sinus facilitates migration of 
bacteria into the sinus without foniiation of a thrombus. How- 
ever, one should keep in mind that the finding of a normal sinus 
at operation does not prove tliat tliere is no thrombus in the jugu- 
lar bulb or carotid or petrosal sinuses. For this reason, the ques- 
tion can only be answered by microscopic examination of tem- 
poral bones. In fact, several cases have been reported of patients 
who died of otitic septicemia although microscopic examination 
revealed normal sinuses. However, in most of these cases the 
carotid sinus was not c-xamined, so the pathology is not clear. 

In summai')’ it may be staled that otogenous septicemia with- 
out sinus thrombosis probably docs exist, although such cases 
are not common and tlie pathologic process is not clear. 

St/nip/omcfofogy.— Although every type of septicemia is char- 
acterized by a primar)' focus of infection adjacent to the blood 
vessels and by the circulation of bacteria in the blood in the 
presence of diminished resistance, septicemia does not cause 
imifomi symptoms. Botli the foci of infection and the invading 
bacteria vary in many respects. For tliis reason, Uie following 
discussion concerns not septicemia in general but septicemia due 
to thrombophlebitis of dural sinuses. Also, the term “septic symp- 
toms” applies only to the sj-mploms of this specific t)'pc of septi- 
cemia. Discussion of the most important symptoms follows. 

Sexsontuxt.— The patients mental state may be altered if 
highly virulent bacteria circulate in the blood, if the sinus throm- 
lK)sis is associated with inflammation of the meninges or brain 
or if septicemia persists a Jong tiroa In incipient septicemia, Jiow- 
cver, the mental state is normal. Distinct euphoria and inclination 
to make foolish jokes (moria) arc serious symptoms. In tlie 
incipient stage malaise may not l>e present. It is not rare to have 
a patient with full-blown sinus thromlwsis walk unsupported into 
a dispensary. The hislorv’ may cx'en point to a metastasis in one 
of the joints, although the patient does not seek treatment for 
several days. 

Ff-vku.— S inus thrombosis usually causes fever which persists 
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as long as the immune bodies are capalile of fighting the iueiiderS. 
Where llie innnnne Ixxfics fail, as they do in dehillUUcd individ- 
uals and in patients vvilli overwhelming infections, the centers of 
heal regulation become paral)'zcd and body temperature docs not 
rise. For this reason, treatment aims not at reduction of fever but 
at destruction of bacteria, and this is aclneved In cliemolherapv. 
Antipyretics should be given only when untoward symptoms at- 
tribulablc to the fever, such as accelerated heart action, dyspnea 
and dehydration, must be relieved. 

A tenjperatnre curve characteristic of nil cases of scpt/ccrnra 



Tie 4 1.— Temperature <nr\c tor youtli, 10, ^«||)| compression lliminimsts fol- 
loning {icutc oUtit. /, normal teinpcmdirc. x, simple mx<itr>iJ and sinus opcralmns 
and {ngiilai ligation. *r. transfusion of 330 c« of Mood 


does not c'cist, but the pickcl-fenc-c type, namely, tlic remittent 
or intcrniillcnt is iisnall) noted (Fig. 44). TJic tempera- 

ture may flncttialc twice in 24 hours. Occasionally in otitic sinus 
ihromhosis the tcmpcraltire cnr\'c simtilalcs that of malaria. In 
some cases of otogenous septicemia the temperature curve remains 
at a consistently high level, especially in infants and cliildrcn. 
I helicvc this tvpo of fever is probably due not to the septicemia 
Imt to serous meningitis associated with the sinus Ihromhosis. 
No, or only slight, elevation of temperature occurs in sinus 
thrombosis due to pneumococcus Ijpc III or if the sinus is lilockcd 
tovv’ard tlie jugular vein by comiectiv c tissue. In the latter instance 
there is apparently no septicemia, although bacteremia and even 
inetaslases have been oliservcd. In these cases cure can he 
achieved by simple cxiwsiirc of the sinus. There is low fev er when 

sin rcmiUiiit fe\pr llic innpmture nsM 1.8 F or more dall). In llic Inler- 
mittcnt Ope It fiiUs to Romui!, ore^eti and llien rH<*« abmptl) 
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a siinis tlirombns disintegrates and the pus drains tlirongli a 
fistula into the mastoid c:u'/ty. 

Chills.— Spontaneous chills are a symptom of bacteremia, 
although they do not occur in cvcrj- case. Immediately after 
bacterial invasion of the blood stream there is markedly increased 
activity of the reticulo-endothelial system of the liver, spleen 
and other abdominal organs to attack the invading bacteria. 
Since this activity reaches the peak during the chill, it is likely 
that the chill is caused not by the active bacteria but by their 
destruction. Therefore blood taken during the chill usually does 
not contain living bacteria. To obtain a positive culture, the 
blood should be taken prior to, or at the very onset of, a cliill. 

With sinus thrombosis the intensity of the chills is highU 
variable. Frequently there is just a fleeting chilly sensation asso- 
ciated with die chattering of teeth and sweating, or tliere may 
l>c* actual shivering. Hardy, the chills arc so inten.se as to be fol- 
lowed by vascular collapse. 

Pulse.— The pulse rate usually follows the temperature (Fig. 
‘14). A temperature rise of 1.8 F. is believed to cause a pulse ac- 
celeration of ciglit beats per minute. During a chili and during 
remis.sion of fever the pulse rate often docs not follow the temper- 
ature closelyj in fact, slight tachycardia may continue even dur- 
ing convalescence. With overwhelming septicemia, septicemia 
associated with pundent meningitis or cerebellar abscess and, 
occsisioiwlly, even serous meningitis, die temperature and pulse 
curves may cross, the temperature curve descending and the 
pulse curve ascending (Fig- 79, p. 357). This has been c.alled 
“the cross of death.” If septicemia causes marked jaundice or 
if with jugular bulb tJirombosis the vagus ncr\'e becomes irritated, 
bradycardia may be present. 

Vomiting.— There may be vomiting between meals l)ut is of 
little consequence unless it is a frequent occurrence. In this event 
it is likely that meningitis or cerebellar abscess lias set in. 

lii.ooD.— Hemoglobin content and ciythrocytc count arc di- 
minished in advanced cases. Tliere arc signs of secondary' anemia. 
Tins, however. Is not due to a hemolytic action of streptococci 
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because liemolylic streptococci, although hc'moK tic on tlic blotKb 
agar plate and in red Moot! cell suspensions, do not eserci.se 
hemolysis in the circulating blood. The number of neutrophils 
is strikingly increased, while cosuiophils are absent. The total 
leukocyte count may be nonnni or moderately increased. The find- 
ing of toxic lenkocjtes, characterized by pathologic granules, 
pyknosis of the nucleus and vacuoles, is generally thought to 
imply a poor prognosis. In my experience this finding docs not 
allow definite conclusions. Often the proportion of mononuclear 
to polvTUiclcar neutrophils is increased, showing a shift to the 
left. In severe septicemia with pundent metastases, mycloc)tcs 
and myeloblasts may appear. Fonnerly leukopenia and agranu- 
locytosis were rarely seen with sinus thrombosis, but since the 
advent of sulfonamide therapy they are noted more frecpiently. 
Wlien they appear during therapy llm administration of a sulfon- 
amide must l>e discontinued. Wliether penicillin lias a similar 
effect is not yet known. An isolated e.vperiencc seems to indicate 
that penicillin may cause fever and leukopenia in children. 

The fibrin content is often diminished will) severe septicemia, 
and, probably osving to hepatic damage, tlic coagulation time 
may he prolonged, Tlie prolongation is rarely striking, even 
though hemolytic streptococci do cause fibrinolysis in human 
hlotKl. With pneunjococcic septicemia reduction of coagulation 
time has been noted. Tlic sedimentation rate is often high. The 
result of the bactcriologic c.xamination depends on tlic time 
the blood is witlidrawn, the technic of venipuncture and the 
technic of preparing the blood culture. Tliesc factors explain 
tlio variations in number of positixe blood cultures reported by 
ilifftTCiil otologists. In nililition, a tcnipomTy Iractciemia docs 
not indicate septicemia unless bcinolvtic streptococci are dis- 
covered in the blood. Even temporary infection of the blood 
with hemolytic streptococci is not conclusive evidence of .septic 
thrombophlebitis, since the same micro-organisms may he dis- 
covcrctl in the blood in the early stage of erysipelas, prior to 
appearance of the erjihema, and in pliaiyngcal and nasopharyn- 
geal infections. Tlie septicemia of sinus thrombosis is invariably 
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!i jnono-infection, even though the aural CMuIate and thrombus 
contain multiplo strains of bacteria. Blood from the sin»ts or 
|tiguJar vein often liarljons more Kicteria than Idood from t)ie 
cnhilal vein. Sulfonamides inhibit the growth of liacteria unless 
para*aminobcnzoic acid is added to the culture medium to neu- 
tralize the bacteriostatic effect of t!»c .sulfonamides in tlie blood. 

Spi.iicn.— Engargcrnent of the spleen is often found with 
.septic sinns thrombosis, although it may be absent in the most 
.severe cases of septicemia. 

Jaundice.— Generalized jaundice is uncommon witli septic 
simi.s thrombosis. Frerpicntly a yellow discoloration of the sclera 
is .seen. This symptom suggests septicemia only in young persons 
because in old individuals a yellow sclera is often nonnal. 

Skin.— Pcteclual hemorrhages in tlie skin and mucosa, caused 
by toxic degeneration of the capillaries, is uncommon. This is in 
contrast witJi the pctechiac found In septicemia witli bacterial 
endocarditis. A skin rasli is also rare with septic sinus thrombosis. 

IVcatniCMt.— This consists primarily of surgical removal of 
tin' primary focus, if that is feasible. It is discussed on page 
195. If .surgciy lias (leen performed, or if it is not feasible, con- 
servative moasure.s, including antiseptic and supportive treat- 
ment, should he tried. 

SuLroNAMiDES.— With the demonstration by Domagk in 1935 
that prontosil liad a specific action against streptococci, a new 
cm of antiseptic treatment was initiated. Many sulfanilamide 
derivatives and allied compounds have since been studied. Four 
of these dnigs have been successfully employed in otolarjn- 
golog) : sulfanilamide, sulfapyridine, sulfathiazole and sulfadi- 
a/ine. Sulfanilamide is available in 5 and 7.5 gr. tablets, snlfa- 
pyridine in 7:5 gr. tablets, sulfathiazole in 3.85 and 7.7 gr. tab- 
lets, and sulfadiazine in 7.7 gr. tablets. 

Usually the sulfonamides are administered orally, although 
they may he given parenterally, using llic same total dose. Intra- 
thecal administration has not l>een showii to give added benefit. 
Dosage is the same for sulfanilamide, sulfathiazole and sul- 
fadiazine; snlfap\ridine, because of its toxicity, is falling into 
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disfavor. When the infection is severe, dosage based on I gr. per 
povtnd of bo<ly weight, up to 120 gr. in 24 hours, is divided into 
six parts and a dose given even,' four hours day and night, orallv 
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and on intravenous injection the sodium ion is promptly split off, 
leaving the sulfonamide. Tlic injection should be made slowly, at 
the rate of about 5 cc. per minute or by the slow drip method, and 
should not he repeated too often because of tlic danger of throm- 
bus foimation. The initial dose is 100 cc. or more of a solution of 
tile sodium salt in distilled water. If intravenous injection is not 
possible, 500 cc. of a solution of sodium salt in isotonic solution of 
sodium chloride is given subcutaneously and repeated in six. to 
eight hours, as seems necessary. The highly alkaline dmgs may 
be irritating to the tissues. This dosage results in the immediate 
establishment of over 10 mg. of free sulfonamide per 100 cc. of 
blood. To maintain an effective level of free drug, oral therapy 
should be started immediately after completion of the intravenous 
injection. If it is necessary to attain a high blood level rapidly, 
)m 1/ or all of tlm entire 24 hour requirement can be given initially 
by intravenous infusion. Infants, who tolerate the dr\igs well, are 
given one-third to one-half the adult dose. Children require from 
one-lmlf to three-fourths the adult dose. 

Usually 5-10 gr. of sodium bicarbonate is administered with 
each dose to prevent nausea and vomiting due to acidosis. The 
dnig should he administered until the patient is afehrilo for at 
least 72 hours. In cases of meningitis some surgeons continue to 
administer sulfonamides for three weeks after recovery, in re- 
duced dosage of approximately GO gr. daily in divided doses. In 
my opinion this is unnecessary' in otorliinogenous complications. 
Sulfonamides should never be given with sulfates and saline laxa- 
tives because this combination may produce sulflicmoglobinemia. 
Coal tar denrat/^'cs llkcuase sliotdd be wlflibcW. Patients «’bo are 
receiving sulfonamides must avoid direct exposure to the sun and 
ultraviolet light during treatment and for several days after the 
drug has been discontinxied. The drug should not he administered 
simultaneously with a blood transfusion or tlic injection of glu- 
cose. Fluids should he given parcnterally before or after the intra- 
venous injection. 

With tlic exception of sulfapyTidine, the sulfonamides, particu- 
larly sulfathiazole, are rapidly absorbed and are, in general, uni- 
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forrnly distributed. Only l)one and fat tissue are refractoty. Sul* 
fatluazolc docs not readily pass into the cerebrospinal fluid and 
tbcreforc should not be given when there is inflammation of the 
meninges. All sulfonamides, particularly sulfap\Tidinc, are de- 
toxifled to a variable extent by acetylation in the liver and 
reliculo-endothclial s)’stcm. Tlie acetyl derivative thus formed is 
therapeutically inert. Free and acet)lated sulfonamides are cv- 
creted primarily through the kidneys and, to a lesser degree, into 
the stomach. Sulfanilamide and sulfadiazine are absorbed and 
excreted at rates fax'oring the maintenance of ade<|iialc blootl 
levels, with sulfathiazolc it ma) be diflienit to maintain the dc* 
sired blood lev cl. 

The most serious objections to the use of sulfanilamide arc 
the eventual damage to crvthrocv tes, granulocjles and liver and 
the formation of urituuy cnietdi owing to the comparatively low 
solubility of the acetylalcvl derivatives. In fact, uremia and 
agranulocytosis arc tlie commonest fata! complications. With llic 
newer sulfonamide derivatives these dangers, cxt'cpt for llic for- 
mation 'of urinarv- calculi, arc revluced. Other toxic reactions to 
the sulfonamides arc listed on |xigc 16-1. 

The following reactions are of particular interest. Cvanosis is 
comnioiv and apparently is due to coloration of the red blood 
cells by an unknown blue oxidation pnxhict of tlie drug formed 
sponlaiieovtsly in the blootl, and is not due to the development of 
melbcmoglobin or srilfliemoglobin. The hemoglobin funelion of 
the bloo<l is not affected during tlie [XTiod of cvanosis. Nausea, 
vomiting, di/zincss, headache and malaise liave no sigiilfieanee 
and, ordinarily, do not re<|iitrc divcontimialion of the drug. The 
slow intravenous injection of a I per cent jujuemis solution of 
methylene hhie in a dose of 1 ing. per kilogram of Ixxly weight 
Is said to relieve the cyanosis in 30 minutes. Fever fK'curs rarely. 
If the rise in temperature is only 1-2 degrees, discontinuation of 
the dntg Is seldom necessaiy. 

High fever with skin raslu's following the first dose usually 
indicates a natural allergy to a sulfonamide. Acquired nllergv is 
much more common and is frequently responsihle for <lrug fever. 
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sometimes occurring nine to 12 da}^ after continuous sulfonamide 
treatment. Tins “sulfonamide shock” is a warning to discontinue 
the drug. Otherwise agranulocytosis may ensue, although, in 
general, there is little evidence to suggest that the minor reac- 
tions to sulfonamides are preairsors of the more serious reactions. 
S\’mptoms subside two to four days after the drug is discontinued. 
An individual who is allergic to one sulfonamide compound may 
or may not be allergic to another. A simple test for the detennina- 
tion of allergy is to administer 5 gr. and make hourly tcmpeniture 
readings for at least four to six hours. 

The sulfonamides usually reduce the hemoglobin content by 
10-20 per cent and leukocytes in the same proportion. Severe 
granulocytopenia has occurred often without much wanhng, par- 
ticiilarly in addicts to salicylates and other drugs. Acute hemolytic 
anemia and jaundice indicate that the dnig should bo discon- 
tinued except in desperate cases of septicemia or meningitis, in 
wlu’cli the blood should be fortified by repeated transfusions. 
Erythrocyte and leukocyte counts and determination of hemo- 
globin content should he made every second day. Tlie urine must 
be examined for the presence of blood when large doses arc being 
administered. Ucmattiria is usually due to irritation of the 
nriniferoiis tubules by crs’slals of the conjugated compound. 
Torced fluids dilute the concentration of crystals in the urine, but 
since a fhud intake over 2,500 cc. per day may cause loo rapid 
elimination of the dnig, it is apparently best to witlulraw the 
drug entirely under thc.se circumstances. 

The masking effect of the sulfonamides is believed to he 
as important as thv toxic reactions. The dmg may reduce fvyvr 
and Ijcadaclic altljongli septicemia or meningitis is not actualJ} 
subsiding and may cimse headache and fever although septicemia 
or meningitis is actually decreasing. Tlic masking effect is impor- 
tant but apparently has been overemphasized. Every t\'pc of 
treatment, even surgery, may cause a masking of symptoms, hut 
the disadvantage should be countcrlwlanced by a close obsers’a- 
tion of the patient. In the event that a svilfonamlde diminishes 
headache and fc\'er even though a siiitts thronthosis or mcitin- 
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gilib is atlvanciHg, faihuc of the paiicj^t to make proper con- 
valescence, tlie findings in the cerebrospinal fluid and failure 
of a rclroauricular incision to close gh'c sufficient evidence tliat 
tlic sulfonamide lias acluex’cd a S)inptomatic, but not an actual, 
cure. On tlie other hand, fever, licndache, nausea and jaundice 
may be caused by the drug and not by the intracranial complica- 
tion. In these instances, liowe\'cr, the patients general appear- 
ance is good, the blood examination reveals nonnal values or 
leukopenia but not leukoc>tosis, there arc no bacteria in the 
blotKl, the pulse rate may fail to follow the rise of temperature, 
or there are chills although the fever is dcfinilelv subsiding. In 
exceptional cases in which clinical ohscr\'ation does not permit 
a definite decision, the dnig should be witlidrawn for one to three 
days. After withdrawal, toxic sxinploms will disappear, ululu 
sjniploms of septicemia will persist or increase. Only in mtieosis 
otitis in old persons are tlic sulfonamides likely to cause a dis- 
astrous masking effect (p. 299), and in some cases of rhinogcnoiis 
meningitis (p. 30S) the masking effect may be confusing. 

Tlie disadvantages of sulfonamide theraps' are counter- 
balanced by the bacteriostatic effect. Sulfonamide compounds 
affect bacteria by interfering with their enzyme s\ stern, thus 
arresting their reproduction. Phagocytosis docs not appear to be 
specifically stimulated. Furthermore, sulfonamides dcnioiislrale 
a specific action against certain strains of bacteria (p. 16-t) when 
distributed in the blood in low concentrations, i.e., the ordinary 
therapeutic blood levels. In higher concentrations, such as those 
found in wounds following local application of powdered sul- 
fonamide compound, there is complete inhibition of bacterial 
nmUiplication regardless of the dnig used or the species of bac- 
teria pre,sent. Sulfonamides arc not, howexer. a panacea against 
streptococci. Certain strains of heinoU-tic strcptoc-occi are refrac- 
tory, and the anaerobic streptococci are not susceptible to an\ 
of the sulfonamides. Piicuinooocci. jMrticularK type Ilf, differ 
profoundly in their sensitivity to sulfapyridiiie. Finally, not all 
jiuman Irchigs absorb the sulfonamide compounds cr|ually well 
from the gastro-intestinal tract. Tlitis failures of treatment (xxair, 
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and llie number of failiiics seems to incicasc in direct proportion 
to t!ie length (»f time the sulfonamides arc in practical use. Per- 
liaps their widespread emplo)incnl has c-aused a “survival of the 
fittest” among micro-organisms. 

TJio effect of sulfonamide treatment of septic sinus thrombosis 
is not thoroughly understood. The consensus seems to be that 
.sulfonamides do not act directly on the thrombus because there 
are no I)lood vessels to carry the dnig into the tliromhus. Fur- 
thermore, tlic thromlnis may contain, or may 1)C surrounded by, 
pus and necrotic tissue which interferes with the proper action 
of the drug. As to the blood stream infection, the bacteria fre- 
quently ins'adc tlie blood intermittently, so that the drug can act 
only if the blood lc\ cl is at its peak at tlie moment of the bacterial 
invasion. Moreover, in this action the sulfonamides are only an 
ally, however potent, of the more powerful defense mechanism of 
tlic body. Tlicreforc the primary e/Tect of sulfonamide therapy 
in septic sinus thrombosis is apparently to prevent the spread of 
infection witlnn the sinus wall, dura and leptomeninges. Tiic 
“antispreading effect” is of the utmost importance. Even the most 
radical operation for septic sinus thrombosis removes otdy tlie 
thiombus, leaving the infiamed sinus wall. Since almost all po.st- 
operutive complications originate in the inflamed wall, definite 
advances would be made if sulfonamide therapy actually arrested 
further progress of the inflammation in all instances. In general, 
however, the effectiveness of sulfonamides in septic sinus throm- 
bosis is not ns spectacular as in meningitis. Pcrliaps more could 
l)c achieved if in septicemia tlic same large doses could be ad- 
ministered as in meningitis, but this is not feasible. In septicemia 
the dose must be carcfullv adjusted to the patient’s condition be- 
cause both the septicemia and the sulfonamides may have a 
<lcIcterious effect on tlie hemopoietic system, whereas meningitis 
docs not depress the Ijcmopoietic system to the same degree. In 
fact, experience indicates that leukopenia occurs more frequently 
in septic thrombophlebitis than in meningitis treated with sul- 
fonamides, cs’cn though larger doses are gh'cn in meningitis than 
in sinus thrombosis. 
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PEviriM-iN'.— To a\oitl ihc disadvantages of snlfonatnides, anti- 
liioticr’ agents, especially penicillin and IjTOtliricin, have been de- 
veloped. Penicillin is produced by the growth of certain stniins of 
Pcnicillium notatum on suitable liquid cultures. It is active niainlv 
against gram-positive cocci and is almost entirely uninlhicnccd hy 
the number of bacteria to be inliibitcd. Penicillin acLs only on cer- 
tain bacteria, indeed only on certain strains of the sensitive bac- 
teria, and has no eflcct on the growth of others. Several strains 
of pathogenic, saproplivtic and commensal bacteria arc tbouglit 
to produce in culture a substance c'alled penicillinase which is 
capable of inactivating peiucillin in vitro. Sensitive micro- 
organisms may develop a resistance to penicillin owing cither to 
a small initial dosage or to administration of large doses followed 
by an interval of no therapy, during which the blood penicillin 
content becomes tlicrapeutlealK negligible. Streptococci arc more 
resistant llian pneumococci, and staphylococci, of all the gram- 
positive organisms, are the most resistant to both penicillin and 
tyrothricin. A strain may be sensitive to penicillin and resistant to 
tjTothricin, and vice versa. 

In otolary^lgologic practice, penicillin is indicated in staphy- 
lococcus infections with or without bacteremia, bemolvtic strep- 
tococcus infections with bacteremia and serious local infections, 
anaerobic streptococcus infections and pncuniococcic infections 
of the meninges. It is contraindicated iu all graiu-uegativc bacil- 
lary infections (Bacillus protein, B. pyocyancus, Escherichia eoli, 
B. Fricdlacmlcr, Ilaeinopbihis iiinueiiTac). Penicillin is unable to 
penetrate necrotic tissue and walled-off abscesses. 

Tlic purified extract of peiiicilliu is active in very high dilu- 
tions, and its action is not hiliibitcd to any appreciable degree bv 
pundcnl exudates, tissue cells or para-aminoben/oic acid— sub- 
stances which nullify the bacteriosUitic action of the sulfonam- 
ides. It is not toxic, even in large doses. It is bactericidal in the 
lower dilutions and bacteriostatic in higher ones. It acts miicli 
more slowly than tVTothricin but shows definite hilling power in 

3.Sntil)»ohcs may lx- dctinnl as “anticnKTolHal agents pnxliict'st I>y IisiiiK 
trrij, )r3sU, moKli and other ptants" (Koltner). 
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two Iiojns and baclcn'ostasis during the two Iiours !)eforc tlie 
killifjg effect hecoi?7c? niarked. No drug which may l)e adminis- 
tered systeinically, including the suUonnnndes, is k-nown to inter- 
fere with the action of penicillin, nor is any drug known to he 
contraindicated witli penicillin. Sensitivity and sensitization to 
penicillin are uncommon, but occasionally thrombophlebitis at 
t)jc site of continuous intravenous injection, urticaria, conjimc- 
livilis and chills, with or without fever, liave been observed after 
intravenous injections. 

The potency of the various penicillin dilutions may be approxi- 
mately calculated in tenns of Oxford units.* An Oxford unit is 
the amount of penicillin that will inhibit the growth of a standard 
inoculum of Staphylococcus aureus in 50 cc. of broth. Tins is a 
v ariable measure of potency because many strains of staph) iococci 
are resistant to penicillin, and tlic strains lliat are sensitive vary 
considerably in degree of sensiliWly. Penicillin is supplied in vials 
of 100,000 units each. It is c.xtremely soluble so may be dissolved 
in sterile isotonic solution of sodium chloride or 5 per cent dex- 
trose solution (2,500-5,000 units per cc.). Penicillin in solution 
lias only a limited stability which seldom exceeds a period of one 
week. 

Penicillin is absorbed from the intestinal tract, but oral ad- 
ministration is not satisfactor)’ because of the destructive action 
of (lie gastric juice, because it is rapidly excreted by the kidne)s 
and from the liv'cr by way of the bile, large doses must be 
given at frequent inten'als to maintain an effective blood level. 
Intramuscular injection is the most practical method of adminis- 
tration, although it mav be given intravenously or intrathecally, 
can J>c injected into abscess cavities and may be applied locally 
without damage if the preparation is pure. Intravenous adminis- 
tration gives almost immediate high initial concentration of peni- 
cillin in the blood plasma, followed by an abrupt fall one-half 
to three hours after injection. A dose of 10,000 units injected 

*nic Intfnutiitn.il Cotiftrcncc on Pcnknllm adopted an intcniatlonal unit 
of pfiiidtlin (IcBiiftt as llio spcdfic penidUm actisiU cont.-iinod in 06 micmgrani 
til Uif nUfriMtKin.d (icnlcdlin wnrUng standard. TJtls unit i» approjrlm.itcly cfiiiii- 
aleiii to ilif Otfonl unit. 
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inlravctinttsly gives n more than adequate blood concontratiem j'tii- 
medialely and a less than atle(]uate conecnlratioii about 30 min- 
utes later. Intramuscular administration is followed I)y less rapid 
absorption and provides a concentration in the blood which does 
not reach as high a level as witli intravenous injection but may 
last for three hours. Subcutaneous injections act similaily to 
ititraimiscnlar injections but arc likely to be painful. It is pref- 
erable to give large doses initinlly because some organisms ina\ 
build up resistance to pcnicdlin. WTicn multiple intravenous or 
intranmscular injections are given, the inters’als between injec- 
tions should not c.xcccd tlircc hours. Olhersvise the rapidity with 
which penicillin is excreted causes such wide variations in bloo<l 
concentration that optimal results can .scarcely be expectctl. For 
the same reason it is advantageous, when a large daily dosage 
is indicated, to shorten the inlcrxal between injections rntlier 
than to increase the amount of each dose. 

In severe acute infections associated with septicemia, 100,000- 

300.000 \inits shovdd be given for the first three days. Tills amount 
should l>c administered intrax'cnously either by injecting 10,000- 

15.000 units in 1 cc. of saline excry two liours or by the drip 
methotl. If the latter method is used an initial dose of 200 cc. 
of a solution containing 40,000 units in 1,000 cc. of saline solution 
or 5 per cent glucose solution is administered at a fairly rapid 
rate. Tlicreafter the rate of administration is regulated at 30-10 
drops per minute. This methwl prox'idcs a blood concentration 
of at least 0.2 units per cubic centimeter. With improxcmcnl, 
treatment may be conllmicd by intramuscular injcclious of 
10,(X)0-30,000 units dissolved in 2-4 cc of tsolouic salt solution 
cverx’ two to three hours. The dosage for children is .5,000 uults 
ever,’ two hours. As the p.iticnt improves the dose m.iy he re- 
diicwl, the three hour interval being maintained. The dos.sgc in 
children is usually 40.000-50.000 units per day. depending on the 
nature of the infection and the underlying pathologic process 
Tliesc figures are not based on hard and fast rules. Individuali/a- 
tion of trcalnicnt Is necessary. Some stnplixlococci arc killed In 
a blootl concentration of 1/30 unit per cubic ccjitimetcr, wliereas 
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other strains may require 2 or more units. For this reason some 
patients may recover from serious infections following the ad- 
ministration of 40,000-50,000 units in 24 hours, while others 
require 200,000 or more units in the same period. Since it is diffi- 
cult at present to define adequate blood concentrations, it i.s 
better to cn- on the side of excessive dosage rather than to risk the 
use of insufficient amounts. 

The temperature curve is not a perfect criterion of the clinical 
progress, hut hacteriologic examination, diminution of pain and 
improvement of patient’s appetite and general condition indicate 
the effect of treatment. In some cases of severe infection penicillin 
should be continued for about seven days after the temperature 
has reached a normal level, the tola! dose in 24 hours being 
reduced by lialf. Tlie hemoglobin content and red cell count 
usually rise during treatment. The white cell count may drop 
as the infection is controlled, but actual leukopenia does not 
result. 

TYnoTinuns.— Tliis antibiotic is isolated from peptone cul- 
tures of the aciobic soil bacterium Bacillus brevis. From t)To- 
tlu'lcin two crystalline c-ompoimds, gramicidin and tryooidinc, 
l>avc been separated. Gramicidin Is bactericidal for gram-positive 
organisms only; tyrocidine contrilnites to the solubility and stabil- 
ity of the active principle gramicidin. Tyrothricin has a strong 
licmolytic action and should not be given intravenously or sub- 
cutaneously. In direct contact it kills gram-positive aerobic and 
anaerobic bacteria with greater rapidity than penicillin. Pen- 
icillin, however, penetrates the tissues and reaches bacteria wliich 
woffh) JUJJcd h/ tyrothnew. TJw? letter can )>v mod oa)y 

for local application to surgical wounds and infected mucous 
membranes. 

Innmm c .senim is effective in pncumoc-occus type HI infec - 
tions and can he given with penicillin. The administration of^ 
vaccines in septicemia is apparently useless because septicemia 
is not catjsed by a nmItipUcation of bacteria in tlie Idoocl; the 
micro-organisms, originating in a focus of infection, invade the 
blood stream where tlicy are killed and thus cause aulovaccination 
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of tlic body. Tbe admlnistralion of Pregl's sohuion, merctiro' 
cliTOine, nictapbcn, tn’paflavme and a Imst of olbcr antiseptics 
is rpplacc<i by modem cbeniollierapy. 

This discussion docs not advocate hard and fast rules con* 
cc'niing modem chcmolhcrapy. Sorne patients require extensive 
cbemollierapy, and others recover with minimal doses. Osteo- 
phlebitis pyemia in a child has, from the onset, a more favorable 
prognosis than sinus lluombosis in an arteriosclerotic patient. 
Muc-osis otitis in aii incompletely pneumatized temporal bone <)f 
a child does not threaten with the great danger of meningitis as 
does mucosis otitis in an extremely pneiimati/ed temporal hone 
of an old person. In all such cases the chemotherapy tmist be 
adjusted to the underlying pathology. Furthermore, if the sur- 
geon is certain that he has eliminated the entire focus of infec- 
tion, the intensity of postoperative chemolheiapy may be niojc 
readily reduced than when surgery was not radical. Finally, lltc 
bone marrow responds diiFcrcntly to sulfonamides in individual 
patients. For this reason, the use of chemotherapy slionld not 
l)e an automatic procedure. Nor shonhl tlic dosage he based 
exclusively on bactcnologtc findings. Clinical c.xnminatinn ami 
evaluation of the underlying pathology arc of the utmost im- 
portance in order to achieve intelligent administration of chemo- 
therapy. 

SupronTjvE ME.\scnE,s.— Owing to the speclacnlar success of 
chemotherapy, supportive treatment, which has the purpose of 
increasing the fighting forces of the bodv, is frcqjiently consid- 
ered to be oulnuxlcd in cases of septicemia. This iinderestim.a- 
tion is bv no means justified since the favorable results of the 
treatment of otitic sinus tliroinlKisis pnor to the advent of chemo- 
therapy were, to a great extent, dne to the supportive treatment. 
Tins type of treatment still plays an important part in the eaie 
of septicemia. 

Maintenance of the p.itient in as nearly n iionnal mitritioiial 
state as possible Is im|>crativ'e. Food rich in c-alories and easily 
digestible is rwjuired. If possible, 13-20 calories per pound of 
bodv weight should be given daily. Patients frequently complain 
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of anorexia, so food should be served in small quantities, in- 
dependent of mealtime, and close attention should be given 
to the regulation of bowel movements. Vitamin supplements are 
valuable. 

Of equal importance is the fluid intake, which combats de- 
hydration, acidosis and alkalosis. Tlie sjinptoms of dehydration 
arc parched mouth, marginal redness of tlie tongue, drjmess 
and darkness of tlie dorsum of the tongue, sunken eyes and dr> 
inelastic skin. The degree of dehydration can be estimated liy 
determination of the plasma volume and plasma protein con- 
centration. Alkalosis ensues if sufRcicnt chloride ions are lost with 
gastric juice by vomiting. In these cases a sliarp reduction in 
the amount of chlorides excreted in the urine'* is the first measur- 
able reaction of the liody to chloride deficiency. In acidosis an 
excess of acid ions is produced by faulty metabolism of fats. 
The H-ions neutralize the sodium ions and oilier buffer solutions 
of blood and tissues, so that llic amount of ImfFcr substances 
available is reduced. In patients with high fever, acidosis may 
be caused b)' the pro<luctJon of lactic acid. With acidosis there 
is low carbon dioxide-combining power of the plasma. The lest 
for combining power actually measures the amount of buffer sub- 
stances in the blood and Ifiercfore gives information regarding 
llie alkali reserve. 

To combat these conditions fluids must be given. If the fluid 
contains both chlorides ami glucose, protection against lioth 
acidosis and alkalosis is assured. Hut since the admini.stration 
of fluids may promote a brain edema and increase intracranial 
press^^^c, vo arhitran’ rules can lx? given concerjiing the fluid 
intake in intracranial complications. In adults a relatively larger 
nmonnl of fluids can be permitted than in children, wlio are 
more likely to respond with biaiii edema. To a patient who is 
dehydrated by severe septicemia but docs not show signs of 
intracranial hvpertonsion, more fluids can be given than to a 
patient who is dehuUatetl by an actitc brain abscess and does 
prevent svinptnms of intracranial bypertension. For these reasons 

^Tlic itormal otitput nt ctitorictos in tlic tirinr h 5-10 Cm. 
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individualization of administration of fluids is iniptralive in 
intracranial complications. 

In general, tljc following guide may be of assistanec. (1) 
Oral intake of fluids is preferable to parenteral administration 
except in somnolent patients who lost a great deal of bloosl 
at operation. (2) ^\1^en dchxdratioii is associated with intra- 
cranial hj'pcrtcnsion attention sliottld be directed toward intra- 
cranial hypertension first and then to deliydnition. (3) The large 
amount of fluids fretpienlly required in abdominal surgery to 
combat severe dehydration is almost never rccpiired in intra- 
cranial complications. (-1) Saline solutions should not I)e given 
because eventual retention of so<Ilum chloride encourages the 
development of brain edema. 

To combat dehydration by parenteral admimstration, solu- 
tions of glucose in distilled water or blood transfusions should 
be given. The concentration of glucose solutions should not 
exceed 5 per cent, if administered subcutaneously, by the con- 
tinuous drip method the concentration should not exceed 10 
per cent. Tlie solution should be given slowly at a rate of about 
200 cc. per hour, because rapid administration causes marked 
diuresis, which increases dehydration. To combat intracranial 
hypertension, 100-150 cc. of a 50 per cent dextrose or sucrose 
solution may he given iiitravciMnisly as often as nea*ssary to 
keep the pressure within reasonable limits. Ilvpcrtonic solutions 
arc believed to reduce inlracrainal pressure about 50 mm. for 
about one hour. After this reduction the pressure returns slowly 
to its original, or slightly higher, level. The same purpose is 
served by administration of magnesium sulfate and regulation 
of the fluid intake. Magnesium sulfate niav he given orally (2 
oz. in 4 oz. of water every moniing to adtdts) or by llic drip 
method per rectum. If there is mosleratc dehvdratiou Init no 
actual or impending intrairanial liyperlension, one should cal- 
culate 1,500 cc. of fluid for itrine, 2,000 cc. of fluid for respira- 
tion and a nitmerlcnl repkicctncnt of fluid lost in vnmitns and 
hemoirluagc. .All of this amount, or the greater part of it, can 
1)C given by month. If with this fluid intake the urinary output 
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is 1,5(K) cc. daily and specific gravity of urine 1.015, one may as- 
sume that Iluid intake and electrolyte balance are adequate. 

IE thcie is moderate dehydration associated with intracranial 
hypertension tlie calculation is the same, but the administration 
of fluids is diflerent and total fluid intake is reduced to the 
minimum required. Only 1,000-2,000 cc. of flviids is given by 
mouth in 24 hours. The rest is administered parenterally, 500-1,000 
cc. of hv'pertonic dextrose or sucrose solution being given intra- 
venously. In addition, 200-400 cc. of a 50 per cent solution of 
magnesium sulfate is given by the drip method per rectum. 
Obviously the amount of fluids given depends not only on the 
degree of dehydration and iritracranial pressitre but also on tlie 
condition of thel<idne)i imd he.arl, which are frequently damaged 
in .septicemia. 

For Iflood trnnsfiision. the following preparations are si iu- 
g este d; (1) whole unmodified blood (direct transfusion); (2) 
citrated or modified blood (indirect transfusion), (3) specifigally 
i inmunized.bloocl iwhicli can be usc<l only in cases of prptrnnt fd 
se pticem ia); (4) nouspecifically immunized lilood; (5) immu- 
nized blood and blood scrum from convalescent donore. A present, 
indirect transfusion (8 cc. of a 5 per cent sodium citrate solu- 
tion to 100 cc. of blood) is usually employed, although malaise 
ami chills arc regarded as being moic common with this tlian 
with direct blood transfusion. To maintain the blood sugar level 
dextrose can be added to the sodium citrate solution as indicated. 
Because of the rapid disint cK ration of leukocytes and the de - 
t erioration of complement and liactericidal activity , stored lilood 
s hould not be used in septicemia . 

The purpo.se of blood transfusion is to replace c rvtlirocytes lo st 
in {Uicmia, to restore the level o f plasma proteins in hypopr otoin - 
cmia, to inc rease the blood voluinc. to regulate the watcr^ t)jl- 
ance, tliercby__diliitmg toxicjfloocl , to increase coagu laliilUy of 
blood, to add immi mnlogic factors and, eventually, to stimulate 
b cMuopoicsha Tlie l.ist-mentioncd clFect may counteract, to .some 
extent, the unfavorable olTecl of the sulfonamides on ciyihropoi- 
csis and production of natural immune bodies. 
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In the ascragc adult weighing 155 lb. otic may expect a 
rise of approximately 10 per cent in licmoglobin value for each 
500 cc. of fresh whole blood transfused, an increase of red cell 
count of approximately 100,000 per cc. for each 100 cc. of blood 
transfused and a rise of platelets of 20,000-40,000 per cc. for 
eacli 400 cc. of blood lransfusc<l. SmaU transfusions, in adults 
of 100-200 cc. (never oxer 500 cc.) at two to three day intervals 
and in children and infants 1-1.5 cc. of whole blood per pound 
of body weight, arc more elTicacious than one transfusion of a 
large amount of blood. It has iieen emphasired that individuals 
who have repeated blood transfusions from a particular donor 
occasionally have hemolytic transfusion reactions even xvhen the 
donor’s and the patients blood groups are compatible. Tltese 
arc due to an irregular iso;iglutinin cndled tl)e Rh factor. 

Illood transfusiotis are given before, during and after surgical 
operations. Recause in dchxdratod patients tlic loss of n small 
amount of bhuxl may assume an importance out of all proportion 
to tiic amount of blood lost, blood transfusions should be given 
such patients prior to the operation. Blood is given by the con- 
tinuous drip method during operations which are notoriously 
Iicmorrhagic. I have used this technic successfully in eases of 
ostt'omyeJjti.s of the skull and e.xtensiVc sinus thrombosis. After 
the operation blood transfusions should be given when, despite 
a radical operation, se*ptic fexcr continues or anemia is increasing 
and the general condition poor. Transfusion shoidd not be post- 
poned until death is impending, because in this phase the trans- 
fusion is, as a rule, useless. 

Wliatever one may think of the xuduc of transfusion, it ccr- 
tansW does xxo\ Ivatixx lUe seplw: pattexxV. ISi-.xwx edenia aral vasw\.\T 
collapse, which m.iy occur in meningitis or brain abscess after a 
blood transfusion, arc rare in septicemia. Embolism due to trans- 
fusion is also infrequent. In fact, most adxersc post-transfiision 
reactions are referable to (1) llic use of specifically Incompatible 
blood, causing agglutination of the donor’s cells hy the recipient's 
serum, and (2) presence in the donor's blood senim of nonspecific 
protein ewnponents or food proteins xxhich, when transfused. 
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cause reactions suggesting allergic phenomena sucli as slight 
urticaria and moderate angioneurotic edema, Tlie transfusing of 
incompatible blood" causes agglutination and hemolysis of the 
red blood cells which, in turn, cause a blocking of Uie renal 
tubules ^vitb blood pigment, leukocytes and desquamated cells. 
In most eases uremia, coma and deatli follow in four to 15 days 
after the transfusion. Treatment in such cases is seldom success- 
ful. Willi a severe anaphylactic or proteolytic reaction to tlic 
transfusion tliere are light fever, asthma, involuntar)' evacuation 
and death in a few hours. Anaphylactic sliock is infrequent, par- 
ticularly in patients with septicemia. The milder types of allergic 
reactions, cliaractcrizcd by urticaria, slight angioneurotic edema, 
eosinoiihilia, dilficulty in respiration with asthmatic liilcs and 
involuntary evacuation, can almost invariably be relieved by the 
subcutaneous injection of 0.3-1 cc. of 1:1,000 epinephrine. 

In 5~10 per cent of patients with intracranial complications, 
in tliosc with brain abscess more frequently than in those with 
septicemia, a properly perfonned transfusion causes chills or 
rigor followed by a rise of temperature to 105 F, and more. This 
usually occurs within 15 minutes to one hour after the transfu- 
sion and cont}jnic.s for 15-30 minutes, In favorable cases the 
temperature lelums to normal or to the pretrnnsfusion level in one 
to three days. Persistent fever is due to the septicemia, and tlic 
outlook is not favorable. Some surgeons report that progressive 
sinus thrombosis may he masked by transfusion. I have never 
noted a masking eifccl. 

®T}io {Irti'nnin.'itioii of i-oniiutibilty is p<.-r(onn«] Nvitli llie scniin of tlie 
Mood groups A and U. Tin* (cst may )icW f<nir different results. (1) XcItlaT 
scnim causes agKliitin.ition of tW rcopicnl's er^dinaTytt-i. A patient of this 1)110 
ffclongs to group O. (2) Onij llic srnim of group H causes agsliitiiulioii. A 
patient of lliis t)pe ix'longs to group A (3) Only the serum of group A causes 
agglutination A p.iliciit of this Ispc Itvlougs to group B. (4) Both serums cause 
.iggliitJnation. A patu-nl of lh«$ l)i>e lx*h»Hgs group .All. Dant/r anti recipient 
must licliing to the s.ime group. Csrii univers.'tl Mood, group O. slioulcl lx* 
iiss-d only for patients In-loiipng to grmip O and not for patients lielonguig to 
tme of the Ollier tlirw groui^. rux’pt in rmergvitcies. Eseii if the shmor's hlotxl 
is of IIh* s.'tiiie l>|>* as lli.-it «f tlie patSenl, it >lR)ukI not tx: used until n diriHt 
eoinpatihiht) list has l>«*n carried out svluih denioastrales ih.st the oeIN of the 
donor crui fx? niisetl with the scnim of tlic reriplent ami the cells of tlie recipient 
svith IIm* senim nf Ihe ihnmr ss-itliout oeciirmicr of rillier hemoh'si? or aggliitbi* ‘ 
otiou. 
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In the presence of pulmonan* edema, se\ere nepliritis and 
serious in)’ocardial degeneration transfusion slionld not be per- 
formed. In senile patients and in the presence of asthenia and 
brain abscess it shoidd l>c perfomierl at an extremely slow rate 
and only by trained technicians. Administration of penicillin is 
no contraindication to blood transfusion; sulfonamide therapj 
is not compatible with blood transfusion, 

Blood substitutes (plasma) arc not routinely eniphnetl m 
septic sinns tbromliosis. Alcohol, frcrpiently used iii the past, is 
now rarely employed. Alcohol has neither an antibacterial nor 
ail antitoxic effect. On tbc contrarx. there is evidence that it 
reduces resistance to infections. Nevertheless, I administer small 
doses of alcohol In the oral. ne»<T 1« (he cnoiis, route 
because alcohol reinforces the action of the heart and replaces 
a certain amount of fat and carbohydrates in the metabolism. 
Patients with septicemia nsualK tolerate large amounts of alcohol 
Heparin has been suggested to present agglutination of plate- 
lets to form svhite thrombi and to interfere with tbc union of pro- 
tlirombin and calcium to fonn thrombin. One thousand units 
(10 mg. of sodium salt of licparln) of heparin and 3 mg. of 
thlorobiitanol are diluted in 100 cc-. of plnsiologic saline solu- 
tion. TIic solution is given intravcnouslv until the coagulation 
time is between 20 and 40 minutes. About 25 drops sliould he 
given per ininnle and the treatment may be continued for 11 
davs. Bv the continnons drip inethml, 15 cc of heparin added 
to cc. of plnsiologic saline solution is given at the rate 

of 2()'-10 drops per minute. Even more clRcacions in prolonging 
the coagulation lime is coumariu . U has the advantage of a more 
prolonged action and can he taken In month. Another anli- 
llirombotie prepanition K gemiaiiin, given in a single dose of 
0..5 1 cc. intravenonsh, Slicht ulbiimimiria occasionally occurs 
The efliracy of these preparations in septic sums tliroinhosis is 
not vet definitely detenninctl I n tlinimh»pblr-1ntis of tln» cav er- 
nous sinns they arc apparently useful^ However, heparin is not 
withofit rianger, since l.ifge cerebral hemorrhages and hcmaturi.i 
have Ix'cn iiotcsl after its administration. The administration of 
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reduced iron in septic anemia is not of great value. Nevertheless, 
doses of O.o Gin. three times a day can be given onilly if this 
docs not inlcferc with tlic patients appetite. 
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TimoMnoniLEoms of tiic Lateral Si\v.s 

PATIIOLOCy 

Of the dtiral .sinuses surrounding the temporal hone, the lat- 
eral .sinus is most frequently involved owing to its prominent posi- 
tion in the mastoid process and the numerous veins nnining 
through its bony plate which estahli-sli an anastomosis between 
the mucosa of tlie mastoid cells and the sinus. A sinus which 
bulges into Jbe mastoid antnfm Js Jto more er^wsed to infertiows 
than a sinus 2-3 cm, from the antnim. On tlic contrars', infection 
of a well pneumatized mastoid process involves' the sinus more 
frequently than docs a localized infection of the mastoid antrum 
with an adjacent sinus. Tliis may be one reason for the com- 
paratively low incidence of septic sinus thrombosis in infants and 
children, in whom mastoid pneumatization is incomplete and the 
sinus lies near the antrum. Tljc right lateral sinus protrudes 
deeper into the mastoid process and is said to become involved 



182 INTLAMMATOUY DISKASES Of DUlWL MNU.SCS 
more oftcti than the left sinus. Many surgeons, ho\\c^cr, ineltitl- 
iiig mvsclf, find no striking difTcrctice between the two sides. 
More important than the structure of the mastoid is retention 
of pns in the antrum ami mastoid. Iti (his respect there is no 
clear difference between acute otitis and acute exacerbation of 
clirojiic otitis as far as frcrjuency of sinus thrombosis is concerned. 

Infection of the lateral sinus occurs by contiguity, by con- 
tiimity, by compression and In injury. It invoKes primarily the 
urea of the superior knice of the sinus ami maj’ extend pcriphcrall) 
toward the torcidar or eentrallv toward the jugular bulb. Oc- 
ca.sionally thromboplilcbilis of the lateral sinus occurs if an in- 
fection of the pharxnigomavillary space reaches the jugular vein 
or if the jugular vein becomes Infected from adjacent Ivinph 
nodes, in which case llic thromlwphlebitis of the jugular vein 
may e.xteml to the lateral sinus. 

CO.Xtl’IJCATlONS 

Hegardloss of whether the ihroinlms is muial or obliterating, 
parts of it may be carried into the blood stream and eanse 
mctaslascs. The emholi may originate in the central end of the 
thromlnis and be carried through the jugular vein into the riglit 
heart, or they may ongitiaic in the peripheral end of the throm- 
1ms and be carried by retrograde transportation into the vertebral 
plexus or jugular vein of the opjwsitc side. In either instance the 
mctastascs can be divided into those to ^ 1 ) the meninges ambor 
brain, (2) the thorax, (3) the alxlomen and (4) the joints, 
muscles and skin. Mctastascs to the larvmx, e\e, thxToid gland 
and spine are rare. Some surgeons hold that the distribution of 
rffetartares drijcmis oti tin* sc}cclh c afTttiity of the njicro-f/rga//- 
isms for certain organs, but ibere Is not imicb evidence to sup- 
port this concept. 

Metastatic meningitis and brain abscess are rare. Piiltnonarj 
infarct and lung abscess are the most common mctaslases, re- 
gardless of whether the sinus thrombosis Is due to acute or to 
chronic otitis. In fatal sinus thromlmsis due to chronic otitis 
mctastascs are nearK alwav's found in the longs at autopsy. The 



TUnOMBOPIILERlTlS OF LATERAL SINUS 183 

u!)scesses arc usually close to the surface of the lungs, involving 
the pleura. Prognosis must be guarded. If there is only a single 
metastasis and if the diagnosis is made sufficiently early, recov- 
er)' often follows chemotherapy. Mctastascs to the abdomen (ab- 
scesses of the spleen, kidney, liver, genital organs) are rare, but 
parenchymatous degeneration of intestinal organs is often found 
in fatal cases. The outlook is poor because the diagnosis is rarely 
made early. Melaslases to the muscles and joints occur particu- 
larly with acute otitis. The infection is localized primarily around 
the joints, especially in the tendon sheaths. Later it may invade 
the joint itself, in which case ankylosis always ensues. I once 
noted metastatic osteomyelitis of the femur in a case of sinus 
ihromliosis associated with Baiiti's disease. Tlic prognosi-s for life 
with tlic.se mctastascs is not bad. Metastascs to tlip skin are 
dangerous if they cause Fraenkel’s dermatomyositis, which con- 
sists of liemorriiagic and septic edema of the muscles, willinul 
abscess formation, and a skin infection resembling er)sipelas. I 
have seen a number of cases presenting metastatic dermatomj- 
osltis of the lateral part of the neck below the retroaiiricniar in- 
cision, all fatal. Chemotherapy will probably improve the outlook 
for these complications. The dermatomyositis must not be con- 
fused witli simple er)'.sipcl3.s. In erysipelas tliere is a picket-fence 
t)-jve of fever and the patient’s general condition is not strik- 
ingly altered, whereas in dcmialomyosiiis there is continuous 
high fever and the patient is acutely ill. 

Next to mctastascs, the commonest complication of lateral 
sinus thrombosis is extension to llic dura, Icptomcninges or brain, 
causing internal pacb)'mcningilis, leptomeningitis or a brain ab- 
scess. In fact, among fatal cases of lateral sinus thrombosis over 
30 per cent bad meningitis or brain abscess. The pathogenesis 
of these complications is discussed on page 153. 

SV.MPTOXJATOLOGY 

In some cases of sinus thrombosis the diagnosis can be made 
at first glance, while in others it is e.vcecdingly difficult. Owing to 
the progress in ololaiyrngolog)', advancetl cases of septic smiis 
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llironihosis are seen lc.ss fretjiieiitly than in tJu- past. Nevcrtlielcss 
they .still occur hccaiiso diagiimis is not made early in the initial 
phase of sinus thrombosis. For this reason, the following para* 
graplis stress the .symptoms of incipient simi.s thrombosis. 

Sijslewic sijmplovis.—Tlic patients general condition is 
inarkctlly impaired if there is ovenvhclming septicemia,- if tlie 
thrombosis causes additional conipliciitions of the meninges or 
brain or if the septicemia continues for a long time. Ihit it must 
be strongly emphasized that patients with incipient septicemia 
frerpiently feel perfectly well and have not the slightest idea that 
they aie dangerously ill. 

In advanced cases the temperatme is of the picket-fence 
ts-jic (Fig. 44, p. 160) nr, especially in children, is markedly ele- 
vated without remissions or intemiissions. In certain cases {p. 
160) the fever is Incsinsplcnons or even absent. In ibcse eases' 
tlic prognosis Is frequenlh good and recovery nun follow a 
simple exposure of the sinus However, if the sinus i.s not sur- 
gically exposed or no operation on tlic mastoid is performed, tlie 
course may be protracted over three or four months, during which 
tlie tenipenilurc Is iionual or slightly raised, occasionally inter* 
niptcd by sudden fever and chills one to three w’eeks apart. In 
all this time the sinits infection gradually advancc.s until, im- 
merlialcly before death, the pickcl-fcncc t\pc of temperature be- 
comes evident. 

The temperature has practical significance in incipient sinus 
tliromhosis. Acute otitis in ndtiUv causes fever only during tlie 
first few days, when it is due to a c-ommoii cold, iiilluenza or 
sonic other primary infection. Nor does chronic otitis in adults 
cause (ever, even vvUU au acute csacesUatittw. Thcccfure. if iu 
acute otitis or in chronic otitis without acute exacerbation lliere 
is fever over 102 F. and it contiinics for a few days, one must 
suspect an infection of tlic lateral sinus unless there is a definite 
inlercurrciit Infection of the lungs, tonsils, appendix or other 
organs. When the fever is caused In the ear infection, the sinus 
should deliheralclv be exposed if an operation is performed. 
Oliviously, in a case of this t}iie extensive sinus tliroinbosis will 
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!!Ot be found. Often tlierc is only periphlebitis- Ncvertlielcss, 
tliis finding justifies the procedure. 

If the patient lias been treated ndth sulfonamides an elcva* 
lion of temperature is even more indicative of infection of tlie 
sinus wall. Here the mashing effect of snlfonamides is bclie\’ed 
to be es'ident. Undoubtedly, a sinus thrombosis may progress 
despite sulfonamide therapy. Nevertheless, correct diagnosis 
siiould not be too difficult, for several s)inptoms cannot he 
masked by sulfonamides, indiciitc a severe ts'pe of otitis and call 
for x-ray examination of the mastoid. TJicse include sagging of 
the superior posterior wall of the external canal, abundant aural 
discharge, mastoid symptoms, obstinate acute exacerbation tif 
clironic otitis, iieadaclic and sleeplessness. If tliese symptoms do 
not permit the diagnosis of sinus thrombosis, at Ica.st they indi- 
cate operation on tlic mastoid. 

The importance of chills in incipient sinus thromliosis is 
controversial. In fact, an actual rigor Is not common; l)ut if fleet- 
ing chilly sensations are considered as rudimentary chill and if 
leading t]uestions arc asked in taking the histor)-, the finding of 
chills is common witli incipient sinns thrombosis in adults. In 
children chills arc of minor importance. 

The pulse rale has no characteristic features in incipient cases. 
Vomiting occurs onlv in advanced cases, and even tlien is not 
marked. Tlic blood c.xamination yields important data in ad- 
vanced cases (p. 162). In incipient cases the blood changes arc 
less conspicuous, particularly if tlic patient has been treated with 
sulfonamides. If bacteria arc discovered in the blood, they arc 
hemolytic slTcptococci in 60-90 per cent of cases; pneumococcus 
t)pe III is found occiisionally, and Bacillus proteus Nxilgaris, B. 
coli, B. pyocyaneus and Fricdlacndcrs bacillus are found excep- 
tionally in sinus thrombosis due to chronic otitis. Proper atten- 
tion has not been given the cuUi\*ation of anaerobic bacteria, 
particularly in cases of cholesteatoma of the tympanic casit)", 
although various anacrolfic strains have been reported to have 
ciuiscd septicemia, among them B. ramosus, B. perfringens, Mi- 
crococcus foetidus, Supliylococciis parxulus. Spirillum nigrum. 
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II. serpens nnd Vibrio ftmdulifonnis, some of whicli are gas- 
producing. 

General brain symptoms.— Headache is not sc\'erc in sinus 
thrombosis unless a meningeal infection is also present. In fact, 
Iic;ulache is often absent. If present, it is localized in the occiput 
or forehead. Occasionally patients complain of sharj) pain shoot- 
ing through the skull. Eyegronnd changes arc not uncommon, 
they usually consist only of passive h)’j)eremia and tortuosities 
of the retinal vcs.sels. In 10-16 per cent of cases papilledema is 
seen. It may occur in either obturating or mural thrombosis, hut 
it may also appear several weeks after the operation, particularly 
If the jugular vein was ligated. In any ease, the papilledema 
does not seriously impair the outlook tmless it is gradually in- 
creasing. In some cases of obturating sinus thrombosis passive 
hvperoinia of the retinal veins can he prodticed by presstire or> 
the jugular vein of the opposite side— the sign of Keck-Ccp wc. 
Thi.s sign is of minor practical importance, although it is more 
reliable t han the sign of Disboek. wh ich is believed to indicate 
sinus thrombosis when pressure on the jugular vein fails to cause 
narrowing of the inferior nasal meatus. In bilateral sinus throm- 
bosis in children the entire head may become edematous and 
the veins of the .scalp strikingly dilated. 

Tiu’ cerebrospinal fluid Is normal in the initial stages of sinus 
thrombosis. Pressure may he slightly increased. Some authors 
report the finding of bacteria in clear fluid. I have ucv’cr had this 
experience. In adv'anccd cases the cerebrospinal fluid may be- 
come cloudy, hut remains sterile if the thrombophlebitis spreads 
far within the sinuses or causes inlcnia! pachymeningitis of the 
posterior cranial fossa. Tfic Tobey-Aver test is discussed on page 
50 llecenlly it was suggested tliat the internal jugular vein lie 
pnncturetl Iwlow the tip of the mastoid procs'ss to measure the 
venous pressure during and after compression of the vein. In 
the absence of lateral sinus throml>osis there is a significant rise 
and fall of venous pressure, whereas in ijinus thrombosis, ohllteni- 
tive or parti.xl, there is either no change or a slight rise and fall. I 
have not used this test. 
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Focal brain stjmj)toms.— Focal sjTiiptoms arc not caused by 
sinus thrombosis; but metastascs to llio brain, hemorrhages in the 
brain, serous meningitis, thromliosis of the pial veins or erroneous 
puncture of the brain in the presence of a sinus thrombosis may 
cause focal s)Tnptoms such as aphasia, babinskis sign, ankle 
clomis, jacksonian attacks and Ii)'potonia of the extremities. 

Ear sijinptonn.—Of all the ssnnptoms of lateral sinus tlirom- 
liosis, tlic systemic and aural symptoms are the most important 
Acute orms.”— The most suggestive finding is surgical mas- 
toiditis. TJieie arc moderate discharge, a hyperemic drum mem- 
brane, occasionally presenting a nipple, a sagging of the superior 
and posterior walls of the external canal and edema and tender- 
ness at the tip of the mastoid. ( Griesingers sign, consisting of 
^ localized lender edema at the posterior honndavy of the mastoid 
process, i s often absent in sinus thrombosis, and often present in 
simple mastoiditis) These car ssTnploms indicate mastoiditis, not 
sinus thrombosis. However, their association with the systemic 
symptoms previously mentioned suggests sinus involvement and 
the sinus ssaill should be inspected at opcralion. 

Frequently the di'sciiargc fluctuates, being abundant one day 
and scanty the next. Tlie periodicity may be caused l)y tem- 
porary obstnccticm of tlic perforation of llie dnttn membrane by 
fibrin or, in Mibacutc or chronic otitis, bv temporary occhKion of 
the antnim by a polyp. In sinus thrombosis, however, lliis peri- 
odicity frequently appears without tangible reason. It is signifi- 
cant when, for c.xamplc, acute otitis is associated with acute 
lonsilUtis, and septicemia may he due to the otitis or the tonsil- 
litis, Periodic aural discluirge without changes in the perforation 
of the drum membrane favors the diagnosis of otitic septicemia. 

In all of these instances the sinus thrombosis is due to surgi- 
cal mastoiditis and infection of the sinus wall by contiguity. 
Since in surgical mastoiditis three to four weeks must pass before 
a .simple mastoid operation is indicated, simw thrombosis in titese 

'Aciile utitis iui!icate» an actilc inlianunaUmi of tlic t>'nipanic caMly 
pneumatic cells of the temporal Imnc due lo a cnniinon i-old or infincii/a. In acute 
otitis due to scarlet fesrr, measles ami similar iufetthms, inlratrnin.il isiinphcntions, 
incJiKlmg sfiiKJ throml’iosis, «rr not cfwnmori. 
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cases usually causes llie initial symptoms in the third to fourlli 
week of the otitis. In contrast with these arc cases in which acute 
otitis is associated at tlie onset with daily rises of temperature 
and eventually with chills. Tliesc cases occur parlicidarly in 
children and )Ouug persons and in some epidemics of influenza, 
Examination confirms the diagnosis of recent otitis. The drum 
membrane is red and bulging; occasionally vesicles are seen. 
There is a mo<lerale amount of serosanpuncous discharge, with 
tenderness and edema at the tip of the mastoid, but there is no 
sagging of the superior and posterior walls of the canal. X-ra\ 
examination usually .shows a mastoid which is not well pneu- 
matized. The cells are hazy, but there is no evidence of bone 
destruction. Occasionally bacteremia is found, and the leukocyte 
count is nonnal or moderately incrc-ased Cases of this type offer 
a trying diagnostic problem The mastoid is involved, Init tliere is 
no surgical mastoiditis. Tliis inxolveinent of tlic mastoid lias been 
called mnstoidism. It is particularly common in children up to 
10 years, is noted in the first week of severe acute otitis and is 
not necessarily a precursor of surgical mastoiditis. On tlie con- 
trary, mastoidism usually subsides si>onlancously during tlie sec- 
ond week of the otitis and may or may not be superseded liy a 
surgical mastoiditis in the third or fourth week. Although nuis- 
loidisin usually causes mastoid symptoms, it docs not cause daily 
elevations of tempemlurc and chills. These symptoms, when 
pre.scnt, arc due either to an infection of the lateral sinus or to an 
infection which docs not originate in the car. For example, in 
one case of recent acute otitis the spiking temperature was caused 
by pcriarteiitis noslosa. 

Mafaria and Isiihoi'd fever fonnerfy hampered differential di- 
agnosis. Tlie difTereutialioii of incipient sinus thrombosis and In- 
cipient crx'sipelas is still difficult because in erx'sipelas fever and 
eliills may precede tlie erythema. In incipient erysipelas, however, 
the skin over and ne.ar the mastoid is often tender and hjper- 
sensitive, whereas in incipient sinus thrombosis there is tenderness 
only at the tip of the mastoid. Furtbemiore, in incipient erj- 
sipclas the l\mph nodes on ami near the mastoid are often 
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invoUcd, wliereas in simis t!»ron»lx>sis lliey are not innained in 
llie incipient phase. If thromhophlelntis is advanced and the 
thrombosis extends toward the jugitlar vein, t!ie cervical nodes 
may become swollen and lender and contain bacteria. Frecpientlv 
they form a palpable cord which should not be mistaken for a 
thrombosed jugular vein. If all of these findings do not allow a 
differential diagnosis, in one to two days crythenia vv’ill appear if 
erysipelas is causing the fever. Differential diagnosis of septic 
sinus thromlwsis and bacterial endocarditis may be difficult in 
rare instances. 

Although fever and chills in recent actile otitis may he caused 
by infections originating elsewhere in tlie body, time should not 
be wasted seeking those other sources. Many otologists argue 
vehemently against the concept of sinus thrombosis caused by re- 
cent acute otitis phts mastoidisni. Also, neither the surgical find- 
ings nor tlio postoperative course shed light on the patlmlogic 
process in tljesc cases. In fact, surgery reveals almost uniform 
changes: marked hemorrhage fronv the mastoid, a moderate 
amount of pus, a normal or almost normal sinus wall and, occa- 
sionally, a small perisimis absc*ess. Convalescence also is almost 
iinifonn: immediately after tl»e operation further elevation of 
temperaturo, then fall hy lysis and, finally, recovery. Obviously 
these observations imply that surgery had no definite influence on 
tlic course of tlie infection. 

A critical review of these cases leads to the conclusion that the 
infection probably spreads by continuity along anastomosing 
blood vessels of the mastoid toward sinus and jugular bulb, as in 
osteophlebitis pyemia. Whether or not the inflammation actually 
extends to the sinus or jugular bulb is apparently of minor im- 
portance; In any case, the scpticcniia is due to a soft tissue infec- 
tion without distinct absorption of bone. If this concept is cor- 
rect, a simple mastoid operation can hardly arrest the spreading 
infection since the blood vessels, believed to serve as pathways, 
extend over a large area of the temporal bone. Tlieorelically, 
chemotherapy should be superior to surgerj* in these instances. 
This thcorj- will probalily be tested in the next epidemic. 
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In masloklilis and sinus ihromlwsis caused by pnouniococciis 
t\iic Til, the sinus thromlmsis seldom causes distinct sssfi’iiiic 
symptoms. The temperature may l>e nonual (p. Ififl), and tfie 
diagnosis of sinus thrombosis can rarelv be made, but tlie diag- 
nosis of surgical mastoiditis should not be missed (p. Iftl). Mas- 
toid operation usuall) discloses extension of the infection to the 
.sinus, commonly by contiguity. 

CiinoNic OTITIS.— Chronic otitis is usually classified as (I) a 
chronic inflammation of the mucosa alone, with central perfora- 
tion of the drum membrane and odorless .secretion, and (2) a 
chronic inflammation involving both mucosa and underlying bone 
and presenting a marginal perforation, tisnally a foul discharge 
and frequently the formation of cholesteatoma. Tlie concept that 
chronic inflammation of tlie bone e.xchjsi\clv causes intracranial 
complications, mcluding sinus tbromlmsis', wlicreas mucosal in- 
flammation Is harmless Is notwliollycwrect. Exceptionally, elironic 
mucosal infection causes intracranial complications, particularly if 
the chronic otitis has produced adhesions and an acute infection 
traveling through the enstachian tiil>e or the dniin perforation 
settles betyveen tlie adhesions. In that event pus hetween ad* 
lu'sions may lead to intracranial complications. Chronic otitis will* 
bone invoKement is more likeh to cause intracranial coniplica- 
iKjiis in general, and sinus thromliosis in particular, cspeciallv 
when associated with cboleslcatoina of the tympanic cavity. Sncli 
otitis is never stationary as long as tlicrc is any discharge; it 
advances rather slowly, but coiitinuallv, toward the dura. The 
progress is accelerated ( 1) if there is retention of pus and (2) if 
there is an acute exacerbation. 

Ocaisionallv pus is retained in the epitympvuuun and antniin 
with cholcttealoina. The infection may destroy the bone and 
extend toward the sinus, causing a sudden rise of temperature 
mid eventually a cbtll. This occurs even though the otoscopic 
liruliugs in the Ivnip-mie cavity arc unchanged and there are no 
svmiptoins of an acute exacerbatiou. In fact, otitic sinus throm- 
bosis is probably the only intracranial comphcallon vshich is due 
not infrequently to simple retention of pus without addilion.vl 
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acute exacerbation. Usually, however, in otitic intracranial com- 
plications the acute exacerbation is more important than simple 
retention of pus. The acute exacerbation indicates that in chronic 
otitis caused In’ a mixture of bacteria, the \inilcnce of one strain, 
most frequently streptococci, is increased by a superimposed In- 
fection which invades the UTOpanic cavity. There are consider- 
able increase of discharge, expclletl from tlie tympanic cavity 
witli pulsation, pain in the ear, headache, decrease of hearing, 
tinnitus and vertigo. The mticosa of the tympanic cavity is red 
and swollen. Willi association of ncittc exacerbation and systemic 
symptoms, the diagnosis of sinus thrombosis is almost certain, The 
importance of this association is exemplified in the following case. 

A young woman had a bilateral cthmoidectomy perfonned by an- 
other rhinologist. Tlie operation on one side was followed b)’ un- 
eventful recovery, but on the other side septicemia developetl, metas- 
tasi^^ng to the knee. Tlic surgeon considered the septicemia to be 
of rhinogenous ongin, tVhen I saw the patient for the first time the 
cavity in the ethmoid area was smooth and well cpilheliated. Tlie mid- 
dle turbinates had been removed; the dura was not exposed, and there 
was no pus. Further examination revealed an acute exacerbation of 
chronic otitis on the left side which liad not been noted by either the 
surgeon or the patient. A radical mastoid operation and removal of a 
thrombus from (he sinus le<I to recoxcry. 

To sum up, an acute exacerbation of chronic otitis is impor- 
tant in the diagnosis of intracranial complications of otitic origin. 
One should not he too dogmatic, however, particularly in cases of 
sinus tlirombosis. Not ever)’ instance of acute e.xacerbation indi- 
cates sinus thrombosis, and not ever)’ ctisc of sinus thrombosis is 
nssoci.atcd xvith an acute exacerbation. Not infrequently an acute 
exacerbation bxs subsided by the time the patient notices a rise 
of temperature and eventually a chilly sensation. Thus, the pa- 
tient may report that bis ear condition bad apparently improved 
when he first noted fever and chills. 

ArrEH suncEAY ox •niE tempokal uoxe.— T raumatic sinus 
thrombosis caused by mastoid surgerj* is disctisscti on page 151, 
llic following discussion is limited to sinus tbromlwsis xvbicb 
appears after mastoid surgerx' xsithout being caused by it. 
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Sinus tliroiiihosis may dc\-clop immodiafely or a loni» time. 
ocKJsioij.'illy socniJ )car>. aftor mastoid svrgi'ry. The fir.sl h 
not uncomnum; llio socoml is rare. The first tN'pe might he wiled 
“protracted tj^pe of sinus ihronilwsis.”* The clinical course in 
many respects resembles that of osteophlebitis pyemia (p. HS). 
Before the operation both t)pes of infection ma) cause symptoms 
of an intracranial complication, such as fever, discharge of irregu- 
lar intensity and headache. Nevertheless, the sj-mptoms arc not 
so marked as to allow a definite diagnosis of sinus thrombosis. At 
operation, the exposed lateral sinus appears normal or almost 
normal in either infection, but after the mastoid operation there 
is a definite divergence of the clinical course. Although m osteo- 
phlebitis pyemia the s)inptoms of septicemia rapkIK subside fol- 
lowing simple e.\posuFe of the lateral sinus, in protracted sinus 
thrombosis the contrar)' occurs. One or several days after the 
simple mastoid operation the temperature risc-s sharply (alann- 
ing fever; KonipUkationszacke). In traumatic sinus thrombosis 
this type of fever ocairs one to two weeks after the mastoid 
operation (p. 152). Chills may or may not be associated with 
the fever. When, two to four das.s after the mastoid oijeratloi?, 
the lateral sinus is re*c\posed the wall is covered by gramila* 
lions resembling those usualU found in a mastoid cavity at 
this stage. For this reason, one Is surprised to find a throinlnis 
or frank pus in the sinus which was apparently normal a few 
davs before. With proper drainage of the pus and thrombi, 
the outlook for protracterl sinus thrombosis is as good as lliat for 
osteophlebitis premia. Microscopic examinations of lemjioral 
bones in such cases are not uxailahle because most patients re- 
cover so that the pathogenesis of this t\-jie of sinus thrombosis is 
not exactly detennined. Iloxxex'cr. it can he reasonably iiifcrral 
that there xs'as thromhophlehitis prior to the mastoid operation. 
perhaps in the jugular bulb or at a site not exposed at operation, 
and that the simple mastoid operation had a provocative role. 

The rare occurrence of intracranial complications, including 

trnii lalnil ];inii» ihmmKKn raniutt tie oppluil Ikto, f<>r tlu« tmu U 
tmi.iin In tnit.-tiic« of Mnus tlironilMMli with an ofehrile 
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iiniJi ihroinbosis, .sfvfnil }eArs after a radical mastoid operation 
may bo related to a recurrence of cliolestealoina or acute infec- 
tion of the tympanic cavity. Intracranial complications arc more 
common after simple tlian after radical mastoid operations for 
obvious reasons. The radical operation is a standardized pro- 
cedure. If a technical error is made, the result appears immedi- 
atel}' or .soon after the operation. The simple mastoid operation 
must be adjusted to the stniclure of the mastoid process in the 
Individual case. Witli marked pneiimatization, thorough evacua- 
tion of all cell.s is impossible. Even with average pneiimatization, 
postoperative x-ray films reveal a number of cells remaining 
despite the surgeon’s attempts at thorough exenteration. Tlie re- 
maining cells may become rcinfecteil even .several years after tlie 
operation and eventually serve as the source of an intracranial 
complication. Sinus thrombosis may also follow minor manipula- 
tions In tlie tjmpanic cavity such as extraction of pol)ps and 
even probing or irrigation of the C'avily. Obviously these manipu- 
lations do not actually cause sinus thrombosis; rather, they 
cause a .sinus thrombosis to U*comc manifest. Therefore manipu- 
lations in tlie tympanic cavity slioidd l>e avoided if a radical mas- 
toid operation is indicated. 

Attempts to visualize sinus thrombosis on the .x-ray film by 
injectiug a radiopaque medium into the sinus have not progressed 
sufficiently to make the procedure of practical value. 

rnocN’osis 

Broadly speaking, tliromboscs of dural sinuses lend to form 
connective tissue and to undergo spontaneous cure. This fact is. 
however, only of academic interest, since the formation of con- 
nective tissue is .slow ami seldom prevents a fatality from septi- 
cemia. Consequently, in the past; prognosis was concerned onl) 
vvith cases in which an operation was performed. Tlie mortalitv 
rate was Iictvveen 30 and *10 per cent, although the actual figures 
were probably somewhat lower, since the statistics included manv 
cases in which operation was performed in an advanced stage. 
Cbctnotherapy now gives patients more than the limilccl choice 
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belwei'n spontaneous ctire and operation, since in certain l\pes of 
sinus infection chemotherapy is successful. In sinus thrombosis, 
whether chemotherapy should he instituted first or poslponctl 
until the postoperative jx'riod depends primarily on the experi- 
ence and judgment of the surgeon and his knowledge of the prin- 
cipal factors influencing the prognosis for sinus iufeclion; (1) 
l\pe of mfcctiou; (2) dise.ises of heart and blood xesscK and 
(3) meninges and brain, (-1) metastases; (5) time of operation 
'flic concept that sinus thrombosis in acute otitis has a better 
prognosis than sinus ihromliosis m chronic otitis is inadequate, 
liccaiiso there are different tspes of sinus thronihosis in both acute 
and chronic otitis and for each type the prognosis is different. 
Si’pticTinia in leeont acute otitis, whicli is due usually to osteo- 
phlebitis pxemia ( p. 148) and not to actual sinus tlirombosis. has. 
ill goncnil, a favoralilc outlook. There is often spontaneous cure. 
Ncscrthelc.ss, formerK a mastoid operation was usually per- 
formed. At present, cliemothcraps must be given a trial lieforc 
O 2 )cration. Many such cases will probabK be cured by cliemo- 
iherajw alone. In contrast, with septicemia that dcselops three 
or four weeks after acute otitis, operation should ho jierfonned 
promptU and cheinothcr.ip\ gisen afterward. Prognosis must l)C 
guarded, esen though it is more favorable than for sinus throm- 
bosis due to an acute exacerbation of chrome otitis, particnlarlv 
with cholesteatoma. In protractetl sinus thrombosis (p. 192) the 
outlook is. as a rule, gotxl if reoperalioii is j?erformc<l at the pro 2 )er 
lime and chemolherapx is instiliilcd subsecjueiilb 

The less fasorable prognosis for chronic otitis, particularly 
With cliolcsteatoina, app.iri*ntl\ is due to llie frefjucnt presence of 
anaerobic bacteria or liacleri .1 which ordinarily act onlv as .sapro- 
phytes, such as B. coli and B. protcus. If these bacteria cause an 
intracranial complication during an acute exacerbation of clironic 
otitis, the outlook is impaired considerahb-. Of all t_vpes of sinus 
thrombosis, the traumatic txjjc (p. 151) has the least favorable 
prognosis, exeii when uperntion is performed at the proper lime. 
Chcmotlicrapy ssill prob.ibly be more efficacious in preventing 
th.m in curing traumatic sinus Uiromliosis. 
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The condition of the heart and blood vessels has considerable 
innucnce on the prognosis for sinus thrombosis. It is often not 
properly evaluated, although it is primarily responsible for tlie 
more favorable prognosis in young people, with a healthy heart 
muscle and normal blood vessels, than in aged patients. Another 
factor, related closcl) to the cemdition of the heart and blood 
vessels, is the body temperature following snrger)' on the mastoid 
process and .sintjs. If, in a patient witl» high fever due to otitic 
.scptic-emia, l)?e operation is properly performetl, the temperature 
gradually decreases by IvsJs provided heart and blood vessels arc 
normal. If,.l>owevcr, iinmcrliatcly after surgerv' the temperature 
falls abruptly to normal or even becomes .subnormal, heart failure 
or vasomotor paralysis is likely to be the cause, and the piognosis 
is less favorable. 

Pnrnlent meningitis, enceplialitis and Ijrain abscess associated 
ss'itli sinus thrombosis render the prognosis extremely unfavorable 
except in cases of .scroirs meningitis or external and interna! 
pacliymeningilis of the |>ostcrlor cranial fossa. 

Metastases localized in the ineninges, brain or abdomen im- 
pair the prognosis. This is not necessarily the case if they are 
localized in the joints or muscles, although ankylosis of the joint 
may result. A single metastasis to the lung is not necessarily un- 
fav'Orahlc if proper treatment of the lungs is instituted. 

If the diagnosis of sinus thrombosis is established and it is 
evident that chemotherapy is useless, smgery should not be post- 
j«med in am ciicimistances. 

TmiAT.MEXT 

Consojvative treatment is disciissctl on page 163. Surgery in- 
cludes operation on the mastoid, sinus and jugular vein. 

The mastoid operation does not fall in the scope of this dis- 
cussion. However, it should be emphasized that the operation on 
the sinus .should be performed onlv after the mastoid operation is 
comp]etc<l. so ns to av'oid injury and/or infection of the sinus 
during the m.isloid operation. Occasionally, before draining the 
mastoid anlnun, surgeons create a funnel-like defect in llie mas- 
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tok! prc)CT.ss and expose llic siiuk at ll»e tip of tlie funnel (Fig. 
45). Tills never pennits pmper iii&^icctinn of llie sinus, and .since 
the gouge is driven into tlie bone peqiendicnlarlv to the sinus, 
injuries to the .sinus readily occur. When this happens it is ex- 
trcniely difficidt to put a tampon on the injured sinus throngli 
the funnel-like bone defect. 

I know of a fatal c.ise of this type resulting from loss of blood 
tlirungh the mastoid antrum and ciistacluan tube into the pbarynv. 



Fie. 43.— (or esposiirc of blcrul slum: / and II, inoirrect iihiIkkI*. 
Ill, (limit iiictliod. D, dura of pmlt-rKir tranf.nl (oss.i. )«Ktrri<>r wnuriroiLir 
t-aii.il, S, lueral sums; .X(, nustoid process. Vtl, fjtial iienr, nU', antprinr wall 
of rsteriul iiiidilor) (-nn.il. Ma, niimlitile, T. lnl>r, ni. tanilid csin.sl (Adapti-d 
fniin .Mcsai)d»T ) 

Stweral futile attempts wstc made to arri*st the blecsling by putting 
tampons on the sinus. No attempt was made to expose the sinus by 
tbe props*r teelimc and then to place a tampon on the bleeding sinus 
The sinus operation consists of exposure of the bony plate 
covering the sinus This should be done regardless of whether 
there is a defect of the Irony plate or not. Wfien the fiony pfate 
is prepared it imisl be removed. Tlie gouge ks driven into tbe 
bone tangentialiv to the .sinus until a defect is create<] the si/c of 
a pea (Fig. 46). This first exjrosnre should always be made be- 
tween the knees of tbe sinus, where the sinus wall is compara- 
tively thick. In no circumstance should It Ikj created at the inferior 
knee, where the wall is- thin. To enlarge the tlefect, a small rongeur 
is used. If exposure of the sinus is complete, there should he no 
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empty space between t}je sinus and the margins of the bone de- 
fect. An empty space is usuaJJy due to a small bone chip which 
slipped between the bone and the sinus wall and which must be 
removed by enlarging the defect to avoid hemorrhage or sinus 
thrombosis after operation. 

If the bony plate was absor)>ed by infection prior to the oper- 
ation, the defect should be enlarged- Exposure of tlm sinus wall 
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iu all circumstances should be conUnued until normal wall is 
reached, as indicated by a dark blue or grayish Idiio color, de- 
pending on the thickness of the wall. This must I)C acconiplislied 
in the direction of the torcular unless the patient’s condition does 
not permit completion of the operation. Toward tlie jugular hull) 
it is not always possible to reach normal wall unless a bulb opera- 
tion is performed. Tin's, Iiowcs'cr, should he done only ss'ith strict 
indications (p. 214 ). Frerjuenlly it suffices to expose the sinus to 
its junction with the bulb. After the .sinus is cxposerl, whether or 
not It .should be furtljcr e.Tplored depends primarilv on the clinical 
findings and secondarily on the surgical findings. It is definitely 
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indicated if pits escapes through a fistula of tlic sinus wall, if 
there is necrosis of the wall or if the sinus is collapsed. Olhcniise 
the clinical findings are decisive. For example, cholesteatoma and 
definite .septicemia indicate exploration even though the wall is 
stnoolh. Exploration mav lie postponed, even though the wall is 
covered by a lajer of granulations, when there is no clinical e\i* 
dence of septicemia. When in doiilit, I prefer exploration. 

’Iltc .sinus can he ex-plorerl by palpation, pnnctnrc or incision. 
Palpation of the sums xxnth the finger is not as rchahle as the 
other methods. For pimcliirc. a short lx*vel needle is introduced 
at an acute angle to the sinus where the thrombus is thought to 
he located. To avoid injurx' to the cerebral wall the needle should 
never he inlr(xluced pcr|>eiMllc«l.»rU to the sinus. Puncture per- 
mits the definite diagnosis of thrombus if no llukl or if pus b 
aspirated. If blood is aspirated the needle may have perforated a 
mural tliromhns. Occasionally a mural thrombus can ho more 
definitely diagnosed b\ the following reasoning. If a normal sinus 
IS punctured and the needle xsilhdraxvn. hloixl escapes through 
the perforation, If the needle has ix-mctmtcd a mural thromlms. it 
obliterates the perforation when the needle is withdrawn and no 
hlotxl escapes througli the perforation nllliongh blood xvas aspi- 
rated. This obscrx'ation alhws the tentative diagnosis of mural 
thrombus, and the sinus should lx* incised. Since, after w ilhdrawal 
of the needle, blood may escape through tlie perforation hceause 
the mural thrombus is at another site in the simis, puncture should 
he repeated at various sites of the sums wall if clinical sviuptoms 
suggest sinus thrombosis. 

Tlie ineisinti is made along tlie longitiidinal axus of the lateral 
sinus in the center of the wall. It .should never he made near the 
margins of the bony defect ( Fig. 47). If the incision in the center 
docs not disclose a thrombus, the incision (and also the punc- 
ture) clases rapid!) oxvmg to ibe fonnalion of a small thrombus 
which .siKHi becomes organized. An infection of the sinus is rare. 
If the incision is made near the tnargiii of tlie bony defect and no 
thrombus is discovered and the sinus wall is thin, part of the 
incised .sinus vvmII mav slip lienealli the bone while the other part 
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doci! not move, and the gap reina{it& patent for a long perio<l. 
Tlic result is obs tinate hemo rrhag e from th e sinjis whicli is ar- 
rcsteli only with great difficulty. With otlier otologists, I believe 
tliat obstinate hemorrhage from an incised or punctured sinus is 
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duo more often to errors of surgical technic than to changes in 
blootl chemistry. The incision should be gradvially deepened down 
to the endothelium. The cinplsing of the sinus by compression 
with tampons before the incision is made is usually superfluous 
cveept in some c;xscs of thrombosis of the jugular Imlb. Incision 
yields practically the same results as puncture. It docs not pennit 
c-vclnsion of a mural thrombus when blootl escapes from tlio 
incision. OccasionalK the following obscrv’ation Indicates a mural 
ihromlms; if a normal sinus is iiicisetl, blood innnediatcly spurts 
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out when the endothelium is incised, but if the sinus wall is 
gradually incised down to a mural thrombus, only drops of blood 
escape at first and then, after a few seconds, blood spnrts_oiU^s 
from a normal sinus. In these instances the mural thrombus is 
probably expelled b\’ pressure from within. 

The choice of incision or puncture is a matter of personal 
preference. I prefer incision for various reasons. Incision permits 
belter judgment concerning the thickness of the .sinus wall. Occm- 
sionally the wall is so thickened (hat the sinus lumen is niarkcdh 
narrowed, in which ease puncture is not advisable. Tiic same is 
true when the sinus is collapsed, the wall is gangrenous or there 
is a fislvila of the svall which must he enlarged by jjieision. Fur- 
ihermore, punettire seems to be haz.«rdous when there Is markctl 
extenial paeh)micniiigilis of the posterior cranial fossa as well as 
marked sinus phlebitis. In cases of this type it miglit be difncull 
to difTcrcnliato dura from sinus atid a puncture might easily pene- 
trate the stiharacltnoid space and even the brain. A careful in- 
cision diminishes, although it docs not eliminate, the risks of the 
procedure. 

If exploration discloses a nonnal sinus or a mural tliromhus, a 
tampon Is placed on the ojH*ning of the sinus wall. Great pressure 
is not necessary, nor is It advisable to insert the tampon into llie 
lumen. Chcinolhcrap)- lsadministerc<! and the tampon is removetl 
two days after operation. Hemorrhage is rare provid«l the in- 
cision was corrcctlv performed. Some surgeons siiggc.st leaving 
the tampon in place for a longer period to encourage the fonna- 
tion of an obturating Ihroinims wlien incision disclosed a mural 
thromhus. It is argued that an obturating thrombus can be re- 
moved more easily limn a mural ibrombus, but 1 consider ibis 
procedure bazardotis. If an obturating thrombus Is discovered, 
the incision of the sinus wall must Ik? enlargctl ns far as the wall 
is insobed. This coincid<’s approximately with tlie length of the 
thromhus. Then the thromliosis is gently removed with a cirel. 
Occasionally the ends of the tliromlms can he removed by in- 
trmUicing a suction tube into the sinus. I have never ligated 
the sinus at the torciilar. os suggestc*d by several surgeons. The 
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apersitioij is pcrfcclly pcrformetl if, after removal of the tlirom- 
Ims, ()Iood sports from both the central and the peripheral 
part of tljc sinos. SomesnrgcoiK prefer partial tl»roml>ectomy 
;m d do not remove the endsoTThe thrpnilnis when they ap- 
pear-to jjc firm and solid, contending that the ends arc sterile 
and prevent bacterial invasion of the blood stream. In gen- 
eral, I do not favor tins procedure. The gross appearance of a 
throml)u.s docs not permit conclusions concerning il.s bacteria) 
content (p. 154), and unless the thrombus has disintegrated into 
pus, only a bactcriologic ctamimition can determine its content. 
However, there is no time for tins type of examination during the 
operation. Furth ermore, the ends of the th rombus will hardly 
remain sterile after the sinus is openetl and are brought in contact 
w ith tho infcctipn in th e mast oid. 

Althou gh partial rem oval of a thrombus from the sinus is not 
a sound su rgical principle, total removal is not feasib le in some 
instances and is not necessarvTn others. It is not necessary wlion 
there are no signs of septicemia. It is not necessar)' or feasible 
when the thrombus is replaced by granulations which are adher- 
ent to the wall of the sinus and could be removed only by force-| 
ful curettage, which is never permissible. 

Often liie hemorrhage from the peripheral part of the sinus Is 
satisfactor)' but there is no bleeding or insufficient bleeding from 
tbe jugular cud. Owing to the curvature of the inferior knee and 
jugular bulb tlic Cbrombus cannot be removed from tbe Inilb 
eillier by introtluction of a oiret or ))y aspiration. Occasionally 
the following maneuver is effective: when the sinus is incised, 
fWiSfSfrre oft the hitemal /crgrfkr csttics a sn<}<}eri rke ef 
venous pressure which m,ay expel a thrombus from the inferior 
knee. Failure of this maneuver may necessitate an operation on 
the jugular bulb for removal of the thrombus, hut first a trial 
should he given to less radical procedures, particularly ligation 
of the internal jugular vein. 

After the operation a tampon is placed on the sinus, not into it. 
Over the tampon the margins of the skin incision are approxi- 
mated by one or two sutures, and mo<lerate pressure is exerted on 
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llic Slims. Clminollicrap\ is ii)stihito<}. Two tl.ijs after the opera- 
tion an attempt should Ik.* made to remove the tampon under 
aseptic conditions. Another sterile tampon must he prepared, to 
be placed on the sinus if heinonhage occurs. In this e\ ent another 
attempt should he made to remove the tampon the next day. 
when the proeetlure ustially succeeds. 

It must he frankly admitted that this surgical procedure 
cannot he c-onsidered radical. Even if the entire thromhus were 
removed, and even if a part of the sinus wall were evcised, total 
removal of the inflainerl sinus wall could not he accomplished. 
The inflammation always c.xfcnds farther than the gross appear- 
ance indicates. An attempt to remove a great part of the sinus 
wall might result in an o|>ening of tlie subdural spaces. Tor this 
reason, the inflammation of the sinus wall ni.iv spread despite 
siugcry, causing the formation of more thrombi. Consequently, in 
ever)’ case of sinus thrombosis chcinolherap) must he instituted, 
no matter how radical the operation is c'onsidercd by the surgeon. 
Several days after fever has sulisidcd and chemotherapy lias 
been discontinued, there may Ik* another rise of temperature for 
one to two days without further symptoms of septicemia, followed 
by final descent to normal. Wlielher this rise of temperature is 
caused hs the sidfon.utiidc or by the infiammation cannot he 
stall'd. In any event, fever .several davs after a sinus operation 
does not indicate a spreading iiiflamination provided it eontinnes 
only one to two davs and there is no infection of the skin incision. 
With recover} the thrombus is replaced by connective tissue. 
Occasinnallv the emlssaria and oilier veins of the bone marrow 
hccomo dilated to facilitate the outflow of venous blood from 
(fie skuff. 

The third suigical proeetlure is ligation of the jiignlir vein. An 
incision aliout 6 cm. long is made along the anterior border of 
the .sternocleidomastoid imtseic in the middle third of the neck. 

I lore the \ cin is nearest the surface and is discos ered immediateb 
lieneath the iimscle. Hie vein is prepared for llg.ition, and two 
silk ligatures arc placed 2-3 cm. apart. To avoid eventual .spread 
of thromlxjphleliitis along the jugular vein, the vein is .severed 
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I)cl\veon the ligatures. The severing sliould be done gradually so 
that tiio centra! end docs not slip l)cyond the central ligature; 
otherwise the vein retracts rapidly, licmorrhage is profuse and 
there is danger of air emhoUsnr. If an air emholisir t occurs the 
central portion of the vein must Ire coitipresscjJ_and_the patient s 
head bent forward. After ligation, The silk thread at tire central 
part of tlie vein is cut short; the thread at the peripheral part is 
left long so that it can Ire secured if the postoperative condition 
ro(|Uires the opening of the peripheral portion of the vein. la- 
gation shoidd Ire p crfoiinctl, if at all l>ossiIdc, alrpv q^ th e com* 
u \on facial vein, so thatTt docs not interfere with the ontflow of 
blood from the facial veins. Some surgeons place one ligature 
airove and anotFeVTrcIow the facial \ein and slurt off the facial 
\ein with a third ligature. I prefer the first method. Glands adja- 
cent to tlic vein should he left In place if normal, but should be 
removed if enlarged and inflamed. If the vcirr presents pcriphle- 
Iritis or tinomirnsis, ligation must be done below the inflamed area. 
In tliromirosis of the jugular vein which cxleirds I>e)ond the 
clavicle, the vein is incised down to the clavicle and tlie wound 
left open. Ligation is not performed, since this would icciuir e an _ 
operation on tlie clavicle, which should Ire ayoided. 

ff after the operation the temperature falls by lysis, the periph- 
eral ligature is cut short in three or four days and the neck 
incision allow'cd to close. If septicemia persists, tlio peripheral 
ligature may be remosed two days after the operation, at the 
earliest, and the periplicral part of the vein sutured to the skin. 
This is* the jugular-skin fistula. Usually there is no Irleeding from 
the vein If there are no anatomic ahnomialities, since tlie jugular 
bulb does not rcc'cive blood cither from the lateral sinus, wliicli 
was inei,sctl at the mastoid operation, or from the inferior [>elrosal 
.sinus*, w’bieli is prolwbly obliterated by a thrombus. In some cases 
tw'i) days is too .short an inten’al and hemorrhage occurs when the 
peripheral ligature is rcmos'cd. The ligature must then be re- 
newed and the ncvl day a second attempt .should be made to 
open the vein, bleeding from the jugular vein five or six days after 
the operation suggests that, in addition to the common facial vein. 
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hranclici. from llic crania! portion of the jugular pour Mood into 
the* 

Ligation of the jugular vein is seldom diflicult under t)'jiical 
conditions. If tlie vein Is thrombosed or, to a certain extent, 
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necrotic it is difficult to rccognl/c the vein and it should he pre* 
parcel near the clasicle. wIktc it is most hkclv to he nonnal. 
Anatomic alniormalities also increase the difficulty ( Fig. ‘IS), hut 
they arc not common. Octsisjonally there is a duplication of the 
intenial jugul.ir sein, hut this usually involves the cranul por- 
tion and rarely extends to the site of the ligation. 

Ligation of the internal fngiilar \oiii tarries certain hazards. 



TlinOMDOPHLEmTIS OF LATEIUL SINUS 205 

Th e jjossil)ilitV-of an air-e mbolism wtLS prev iously me ntione d. 
Another risk is permanent recurrent lanTipenl paralysis . The 
opponents of ligation stress the possibility of causing spreading 
tlirombophlcbitis or passive hyperemia of the brain. 

The changes which take place when the jugular vein is 
severed between two ligatures are not definitely IcnowTi, One 
can reasonably assume that changes in the blood circulation and 
eventually the formation of a blood clot will occur, at least in 
the peripheral portion of the vein. Some surgeons argue that the 
changes in circulation may cause infected particles to be dis- 
engaged from a thrombus in the jugular bulb and to be carried 
into the l)ody. Furthennore, the clot which after ligation mav 
form in tlie peripheral portion of tlic vein is believed occasionallv 
to become infected and to extend along the inferior petrosa! 
sinus into tlie cavernous sinus. In my opinion these arguments 
are soir|f^at^theoretical. Cases w'hich might be considered as 
proviji^hls concept arc rare and do not permit a generalisation. 
Furllttffmorc, ligation of the jugular vein is not necessarily tlic 
final step of surgery. The periplieral portion of the vein may 
be opened as early as 48 hours after ligation, which means tliat 
itntoward cfFcets of the ligation can soon be counteracted. Symp- 
toms of passivchyperemia of the braiji occasionally occur if 
the jugular vein bn tlie oj>pc«Uc side is narrow. Papillgdemat. 
r ctiim l~li cinorTi^^ * and ab Biice hs para lysis have been p lj scrv’cd 
under these chcums tancc s . T hey arc particularly apt to appear 
after jitgular ligation in infants or children. A few cases of death 
subsequent to ligation liavc l>ecn reported. However, in some it 
is not cejUihj tliat death was aetwally due to the ligation, and in 
others tiic ligation was performed during a goiter operation and 
not for a sinus tlironibosis. Tliercforc no definite conclusions can 
lie tirawai from these reports. SjTnptoms of passive liypcremia 
of the brain are rare, and if they occur they usually disappear 
without causing permanent ill effects. In obturating sinus throm- 
bosis, jugular ligation can hnrdlv cau.se passive hyperemia be- 
cause the circulation of blood is blocked by the thrombus, re- 
gardless ligation. Even ligation of the vein on both sides 
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does not necessarily Ciiuse permanent ssTnptonis if between the 
ligation on either side a period of, say, one to three weeks is 
allowed to elapse or if both sinuses nre tliroinhoscd. 

To sum lip, the risk of ligation of the jugular vein is not 
great. For this reason, the question is jjot wliether the ligation 
is hazardous hut whether it is neccssarv. In this respect there 
is a wide diversitv of opinion. Some .surgeons Iiav’c abandoned 
ligation, whereas others [>erfonn it in eveiy case of otitic sep- 
ticemia, even doing it before the mastoid operation or without 
subsequent incision of the lateral sinus Formerly I followed 
the latter piaclice. However, more experience and theoretical 
considerations have led to a change of view. When the jugular 
vein is severed, oulv one of many channels is shut off, even 
though it is the princijjal and the shortest clumncl between 
sinus and systemic circulation. Ollier cliannels may still cam _ 
infective material into the IkkIv, inclnding the anterior and pov 
torior condvloid ve ins, particular!) the former, which estalilKln's 
an ariasfoinosis hetwc;cii the jugular '?mIb''Tuicr*tIic prevertchml 
plexus along the (Icep con Icxil veins. Froih the "prevcfteliral plexus 
the organisms'nf.'iy lie cxirric^d Into the vcrtehral vein, then 
into the subclavian vein and ultimately into the heart.| Another 
channel is the inferior pctrox.iI sinus, which' mav cxjrrv the in- 
fection into the cavernous smiis hy retrograde extension. A third 
channel is the inargmal sinus, vvliich is a contimiation of tlie 
occipital sinus and estnblishc's an anastomosis of the lateral sinuses 
on either side. A fourth ehamiel is the evlernal jugular vein, if it 
^originates in the vein of the mastoid emissaria (p. 18). A fifth 
jchannel is a vein which sometimes runs from the iippennosl part 
|of the internal jugular vein toward the prev ertehral plexus. 

I A sixth channel is the transverse sinus on the inv olvixl side, which 
may carrv organisms towanl the torcnlar and to the transverse 
sinus of the other side bv retrograde extension. In view of ibe 
many acetssorv cbaimcK, ligation of tlie intcninl jugular v ein can- 
not definitely prevent a spread of the infection but also, the oper- 
ation on the sinius cannot eiitirelv prev cut a spread of the periphle- 
hilis, luir can a simple mastoid o|>enitioii on a well pncninati/ed 
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mastoid definitely prevent a flare>up in an infected cell not 
readied at operation. Tlierefore jugtilar ligation accomplishes no 
more and no less than many other surgical procedures performed 
to combat infections of the car. Tlic results of the sinus operation 
plus jugular ligation arc remarkably good even without dicnio- 
therap)'. At the Allgcmomc Poliklinik in Vienna, 155 patients 
were treated up to 1928 according to these principles, and the 
mortality rate was only 21 per cent, as against the average 
mortality rate of 35 per ctml. For this reason, there is apparently 
no reason to abandon jugular ligation. 

Admittedly, some patients can he cured without ligation, 
particularly if chcmothenipv is cinplosed. The following con- 
siderations seem to he practical. Tire decision to ligate the in- 
tenial jugular vein depends on (1) tlie patient's general con- 
dition, (2) the presence of metaslases and (3) the pathologic 
changes in the jugular vein and lateral sinus. Some patients 
witli septic sinus thrombosis due to cholesteatoma of the t)Tn- 
panic cavity ha\c a rapid dowiiliill course. The surgeon must 
decide whether the patient will tolerate a sinus-jugtd.ir operation 
or only a sinus opcrutjoii. If inctastases arc present, ligation sliould 
he performed itnmcdiatclv after, or even before, Uk* sinus op- 
eration to prevent the formation of more nietastuses OuI\ in 
3 ‘oung patients with osteophlebitis |ncmia ;ukI metastases arojjnd 
the joints can ligation be postponed. Girls particvilarly should 
be spared, if possible, a conspicuous scar of the neck. In infants, 
jugular ligation should be asoided as long as possible. Jii cases 
of thrombosis of the jugular vein, ligation must precc*do the sinus 
opcmtiojfr These CJses are not ai)d offer a diJBcnJt dwg- 

iioslie problem, since neither palpation of swollen glands nor 
palpation of a cordlikc slnieturc in tlie neck allows a definite 
diagnosis of thrombosis of the jugular \ein. However, a diffuse 
swelling of the neck, definite Iciideriicss along tlie jugular vein 
and c-omplaint of pain on movement of the head justify a tentative 
diagnosis. In the hitcnil .sinus, the ftirther proeetinre depends on 
the findings at the inferior knee and in the jugular hull). If 
the \v;ill at the inferior knee seems noniial or only slightly changed 
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and if, after incision of the simis, blood spurts forcefully from 
the jugular bulb, ligation can be omitted at the lime of the 
sinus operation. Ligation nsually is not necessary if the inferior 
knee contains granulations or connective tissue, hut not pus 
or thrombi, and if there w’cre no chills or septic fever immediately 
Itcforc operation. In such crises, recover)’ may occur without 
jugular ligation, even though a thrombus above the inferior knee 
lias disintegrated into pus and the pus escapes through a fistula 
of the sinus wall into the mastoid. On the otlicr hand, ligation 
must be perfonned if the bony frame of the jugular liulb or 
the sinus wall at the inferior knee presents marked changes, if 
pu-s escapes from the bulb and if it is not possible to remove 
all thrombi from the jugular bulb anti olitain free bleeding from 
tbu bulb. 

Often the jngtilar vein must be ligated several days after the 
.sinus operation if the infection advances despite operation, as 
sliown by contimiation of spiking temperature. If the fever is 
suppressed by chemotherapy, progress of the infection may he 
indicated by delay in convalescence, failure of the retroanriciilar 
incision to close, abundant discharge from both the tympanic 
casil) and the mastoid, cercliral svmplonis and metastnses. Tlie 
patient .should be permitted out of lied for one dav. If he re* 
sponds to this phssieal exercise with a rise of temperature, one 
mav assume that the stmis llironibosis (or the intrneranial coin* 
plic-alion. in general) is still active mid jugular ligation is iiuli- 
cutcd, esen several days .after the sinus operation. 

If the vein is inflamed the neck incision is left open. If the vein 
is normal, the lower angle of tlic incision is left open and the 
rcmaiiKler closetl. TJiroiigh iJiC lower angle iorloform gauze is 
inserted and the long ligature on the peripheral portion of the 
vein is fixed to the skin with adhesive. 

Rarely, jugular ligation on liolh sides is indicated. If in* 
stilficient time elapses hctvvccn the first and the second ligation 
and if the second ligation shuts off a .s'inns which is not throm* 
hosed, nlarming svniploms may occur, such as nneonseiousness, 
headache, vomiting, slow pulse, convulsions, pareses, glvcxisuria. 
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^cnoslasis of tljc orbit and face ami papilledema. Tljc following 
procedures max' prevent these sj'mploms. Assuming that the 
right jngtilar \ein was pievionsly shut off and that the left 
jngular \ein is to be ligated, the risk is not great if the left 
lateral .simts Is obliterated by a thrombus. If, however, the left 
sinus contains blood, a tampon should be placed on tlie left 
sinus. If this procedure is followwl by persistent headache, nausea 
and drowsiness, ligation of the left \'ein would be hazardous. 
X-ray examination of the jugular foramina has been suggested 
to dclcmiine wliether there is eonspicuous di/fercncc in the size 
of the t%vo jugular bulbs. 

Tii«(»MnopnLEi«Tis of the Jugular Bulo 

PATHOLOGY 

The jtfgular bulb may l>e involved primarih' or secondarily. 
Seeondary involvement occurs when thrombophlebitis of the 



F'ic. 49.— Thmmtxiplilelntis of bulb (Tii). M, tymp-inic ca%lty; O, Rfau* 

iibiioi) tijiiir; Sdot of tyjnp.injc caaii}*. 

lateral sinus or jugular vein extends into the bulb by continued 
growtli of the tbrondius. Oceasloiiallv, secondarv involvement is 
due to particles carried by the blootl from a sinus thrombosis 
into llie jugular bulb, where they adhere to the wall. Primary 
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Ihromlwsis of the jugular bulb occurs when an infection in its 
sicinily invades the wall. In this respect the h\pot\inpanuiTj 
and peribulbar cells are im|>ortanl. Infections of these cavities may 
extend toward the bulb either In contiguity or by continuity and 
nia\ ciuise a peribulbar abscess or thrombophlebitis of the bulb, 
or bulb (Figs. *19 and ^)) A bulb which bulges maiVedb into 



Fk. 30 — Tlirninliii^ iii pipil.ir Imtl). p.irtMll) .itid oiiil.niimn ik*wI> 

fcirnutl IiIikkI (O) hry. (Nnunor Mirfju* "i IH‘tn>iu Unx'. t/. numi\« 

ittfliinKt .111(1 iH’ffor.ilmj: iIh (Wh of Oh' hull) 

the tMiipanic casits ts more often iinolved than a slaillow one, 
wliicli uMiallv IS ctnered In a thick liver of bone 

Tiirouibosis of the liulb is either mural or obturaluig. An 
obturating thrombus m.i\ extend (1) into the jugular vein. (21 
into the lateral sinus, (3) into the condyloid veins or (4) into 
ibe inferior petrosal .sinus If it extends into the jugular vein 
It extends siinnltaneonslx into the later.il sinns, and often it is 
not possible, nor is it iH*eessar\. to determine wliclber the 
tliromiKiplilebitis onginatcii in the Inilb or in the sinus Ilon- 
cser, nhen llie sinus plate Is iionual and the nail presents in- 
couspicuous changes but tin* lumen is filled by a thrombus, one 
mas asMime tentatiseU tlial the thminbophlebitis origlnatetl in 
t!ic bulb. If the tliramiKiphleliitis extends into the condyloid 
scins, a deep abscess of the neck and eseii erosion of the atlinto- 
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occipUai joint may ensue, with involvement of the h)TDOglossal 
nerve. Tf the thromlmphlchitis extends into tlic inferior petrosal 
sinus, the ahducens nerve Is involved and eventually the infection 
spreads into the cavenious sinus, 

sympt<>matouk;v 

In tlie secondary type of hulh thromho.sis the symptomatology 
is esscntlallv that of lateral sinus thrombosis and is the same 
svjjcii tlm primary ivpe extends into t))c lateral sinus or jngnlar 
vein. In tlie initial plmsc (!>e diagnosis of primary )>n)b t!)rom- 
Ixjsis is almost jjn-arialdv tentative. T))e systemic ami general 
brain sj’mptoms do not dilFer from tJ)ose of sinus throm))osis. 
Among the focal Ijrain symptoms are lioarscnass, bradycardia, 
difOcijlty in swallowing without palJmlogic clmngc in tiie throat 
and spasm of the .stcnioclcidomastold and trapezius muscles. 
These svmptonis occur if the glossopljarjngeal, \agits and acces- 
.sory nerves, which nuj through the fotamen jugularc, are in- 
volved either hy inilammatioii ot by compression. Tliesc synip- 
toms are not common, except the difRculty in swallowing, winch 
may he duo to a retropharyngeal abscess originating in tlie base 
of the petrous Inine. Primar)' bulb throml>osis is more fre<iuentl\ 
due to acute tlian to cluonte otitis. Among six examples of bulb 
lIiroml)Osis in my cicioscopic collection, three were of the pri- 
nuny type and three ol the sccondaiy type. Tlie throe cases of 
primary thrombosis were due to acritc otitis and the three of 
secondary type to ciironic otitis. This observation is somewhat 
surprising since cholesteatoma is fietpu'nllv localized in the 
in'jwiynjp.jnufn ar?d tUcoreiiatUv siionkl mt>rc often euow an 
infection of tlic jugular bulb. However, the thickened and scle* 
rolic floor of the tvmpaiiic cavity prohaldy presents infection 
of the jugular hulh iu these instances. The acute otitis which 
causes hulh thromhosis docs not differ from common acute otitis 
except that it is associated with fever. However, as iu lateral 
simis thromliosis, the course iu imib throm!)Osis mav l)t' afehrilc, 
and even more frccpicntlv than in llio fonner. 

The sxmptovns are few, Init .sufficient to offer indications for 
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opcralioii on the mastoid. Even during the operation definite 
diagnosis is difilcult except in certain eases of obturating throm- 
bosis of the jugular bulb. In these exceptions two obsen-ations 
are significant. One is the discover)’ of an enipt)’ jugular \cin. 
This is rare, since it can occur onlv with occlusion of both the 
jugular bulb and its tributaries, particularly the inferior petrosal 
sinus. Tlie second, more common, obsers'ation is made when 
the lateral sinus is mcised close to the inferior knee and tlic 
peripheral part of the .sinus is shut off hy a tampon; the diagnosis 
of bulh thrombosis can be made if pus pours from the bulb or if 
neither blood nor pus appears. 

Although diagnosis of obtimtting thrombosis of the jugular 
bulb ctm be made c\‘entually, diagnosis of mural thrombus is im- 
possible without exposure of the bulb. For this reason llie diagno- 
sis i-s commonly made by c.xclusion: one may conclude tliat there 
must be a thrombus of the bulb when otitis media is asscxilatcd 
with septicemia and there is no p-atbologic change in the lateral 
sinus. This conclusion Is usually, but not always, cturcct l>ec:uise 
septicemia may be due to osteophlebitis premia or thrombophle- 
bitis of the carotid plexus instead of a mural thrombus. 

'File prognosis for bulb tliroiubosis doc.s not differ materlall) 
from that for siiiiis thromlmsis. llowcxcr. thrombophlebitis of the 
jugular hull) apparently undergoes spontaneous cure more fre- 
quently than that of the latentl sinus, as demonstrated in micro- 
scopic studies of temporal bones. 

TUEATMEVr 

nic first question which arises is sshetlier or not there is surgi- 
cal mastoiditis. If there is no surgical mustuiditis or melastascs 
and the patient's general ctmditiou is go<Kl despite septicemia, 
chemotherapy may be tricrl fora fexv da\s. If chemotherapy fails 
to achicse definite iniprmemeiit or if surgical mastoiditis dc- 
\ clops, the mastoid openition should be perfonned and the sinus 
e.xplored. With evidence of Inilb thrombosis, a simple mastoid 
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operation and postoperative chemoUierapy will prolmlilv suffice, 
particularly in cliildren, if the patient is in good condition, if 
tljcrc are no nietastase5, if the septicemia is of short duration and 
if lliere is no gross. destruction in the area of the jugular bulh. 
Otherwise the jugular hull) should Ire .surgically drained either 
through the jugedar vein or hy operation on the Inilh. The first 
procedure consists of ligation of the internal jugular vein. .Some 
surgeons also advocate irrigation of the sinus-jugular tube through 
(lie jugular vein or through the lateral sinus if the periplieral por- 
tion of the lateral sinus is closed l>y granulations or connective 
tissue and if tlie sinus does not contain blood. In one case I irri- 
gated with Dakin’s solution, but the fluid which entered the bull) 
from the incised sinus failed to escape through tlie jugular vein. 
This was an embarrassing experience, and although the patient 
iiUinvatcly recovered, I never used irrigation again. Some sur- 
geons consider irrigation hazardous because it may carry particles 
of the thrombus into the tributaries of the bulb and the sys- 
temic circulation. For this reason it seems preferable to create a 
skin-jugular fistula liy the technic of Alexander (p. 203) and to 
keep it open as long as necessary by inserting iodoform gauze 
wicks in tile lumen of the vein. 

Different technics have been suggested for exposing the 
jugular bulb. The method of Voss is apparently the most practical 
procctlure. After the entire lip of the mastoid process is removed 
and the lateral sinus exposed, Imnc removal is continued down 
to the lowest point of the sinus, where the lateral sinus turns 
from its perj^endicular into its horizontal course to form the 
inferior knee /Fig. 51). J» the area of tlie inferior knee only 
small pieces of bone .sliould Iw removed in order to avoid injurA 
to the facial nerve. At the lower boundary of the inferior knee, 
the bone immediately aljovc, which is the posterior wall of the 
jugular fossa, is removed. At this stage the gouge is driven from 
below upward, and the exposure is c.xtcnded not more than 0.5 
on. from the lower lioundary of the sinus in order to avoid injurv 
to the posterior semicircular canal. At this .stage injury to the 
facial nerve is unlikely because the chiseling is done parallel to 
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iJie tU'scfiicliiig portion of tlie nmo aiul mesial to it. Tlte entiic 
posterior wall can lie rcnnnwl up to (l>c roof of llie jngnlar dome. 
Now tlic posterior wall of the jugular hiilh is incised and partially 
excised, and the thrombi are remoxed. This operation .should he 
performed if tlic posterior wall of the jugtilar fossa presents 



osteitis or if the bulb ibromliosis has extended into the condsloid 
\eins, causing an abscess of the neck. Otherwise, lig.ition of tlie 
jngvdar \cin Is sufficient for drainage of the btdb. 

Tii!!()\iiMn'm.rmTis or Sitiiuoii Prmw»ssi. asd 
PrnnosQi'AMOfs Sixi'sns 

Thrombophlebitis of the superior jH-trosal sinus is often asso- 
ciated wills meningitis and brain abscess. Olniously diagnosis 
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caiitiot he made and the lhromhoph!ehftts is ftnntd onlv in 
microscopic studies of tlic temporal bone. 

Thromiiophlehilis of tlie superior petrosal sinus as a morbid 
entity is rare, but it occurs occasionally witii clironic otiti.s, par- 
ticularly with cholesteatoma of the tympanic cavity. Infection ex- 
tending toward the dura on both sides of the superior angle of 
the petrous hone causes external pachymeningitis of both middle 
and posterior cranial fossae which, in turn, may cause thrombo- 
phlebitis of the superior petrosal sinus. 

IVeoperativc diagnosis of thrombophlebitis of tlic superior 
petrosa] simis is not possible. Howen-er, t)ie chills and .spiXing 
temperature cventualb' associated wHh this t\pe of infection ma} 
lead to incorrectly planned siirgcr)’. In t)u* presence of these 
.symptoms the otologist is accustomed to ihinX of ii compltoition 
in the posterior cranial fossa and to e.xpose the lalcr.il sinus. In 
sncli instances tlic lateral siiuis is usually nonnal, and the fever 
nctually is due to infection of the superior petrosal sinn.s, svliich 
runs througli the middle, not the posterior, fossa. 

The prognosis is good, since thrombophlebitis of the superior 
petiosal sinus does not cause metastases. Nor docs it cause lepto- 
meningitis if tlio pachymeningitis of the middle cranial fossa is 
drained at the proper time. 

Treatment is surgical and c*onsisls of exposure of tlie dura of 
the middle fossa and removal of the .suj>crior petrous angle. 

A rarer condition is tlirombophlcbilis of a persistent sinus 
polrosqiuunosiis fp. 20). Diagnosis is made at operation. Tlie 
prognosis Js favoraldc. 

in a lx)y, «ge<l S years, «’ith periphlebitis of the lateral .siniiv ami 
l.irge estenial pnchymeningills of the posterior fossa due to acute otitis 
(Streptococcus haanolyticns), a petrosquamous sinus was found at 
operation. Although the lateral sinus was covered by a thick layer of 
grantil.Ations, the petrosquamous sinus was nonnal. He recovered. 

Trmosrnosts or the CA\'E«s’otrs Sinus 
FATHOLOGV 

Tlirombophlehitis of the dural sinuses, as mentioned earlier, 
is nsnally due to an infection by contiguity. Infection of the 
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cavernous iinns hv conliguitv occurs oiiK \vit!i nsleoiineliHs of 
the sphenoid sinus, osteoimelitis or abscess of the petrous apex 
and, occasionaUv, osteitis of the lamina papyracca in infections of 
the posterior ethmoid. Osteomyelitis of the petrous apex is dis* 
cussed on page 111. Osteomyelitis of tlie sphenoid sinus invoUcs 
the posterior wall especially and causes external and inlonial 
pachyineningitis of the dura of the sella turcica, punilcnt or 
necrotizing inflammation of the hypophysis and ihronibophlehitis 
of the c-a\emous sinus. There is often siimiUancous infection of 
llie Icplomeninges. Ilarely, cavernous ihromhophlehitis is due to 
contiguous infection originating in necrotizing osteitis of the 
posterior part of llie lamina papx-racca following infection of the 
posterior ethmoid. Among 66 cases of cavernous thrombophle- 
bitis of rhinogouous, otitic and pbaryngeal origin, only 10 per cent 
xverc due to infection by contiguity. When cavernous thrombo- 
phlebitis is due to iufcction by contiguity the infection may spread 
to tbt* orbit, causing orbital phlegmon Since it is second.iry 
In the cavernous thrond>ophlebitis, it is called secondary orbital 
phlegmon. 

Infection by continuity is more common than llial by con- 
tiguity. Venous radicles cany the infection from remote areas 
into the cavernous sinus either by direct extension or, less fre- 
quently, by metastasis. Various venous radicles may sers’c as 
pathways to the caxcnious sinus. The following venous palh- 
was’s are of principal importance. 

OffhthaJinic vein?.— Tliese \eimus radicles cany the infection 
into the cascmoiis sinus from the skin of the face, the orbit and 
the paranasal sinuses. Because the ophthalmic veins anastomose 
freely with the frontal, angular and anterior facial veins (Tig. 4), 
infections, usually slaphylococxac, of the lips, eyelids, nasal orifice, 
teeth or month mas he carried into the casenimis sinus. Also, in- 
fections originating in the tear sac or the orbit (for example, 
ouing to foreign luKlies in the orbit) may tmsc! into the cascr- 
nous sinus. Such infections, thougli common, do not fall in the 
scope of this \oluinc. 

lufiTlioii of the ophthalmic veins niay follow invasion of the 
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orbit by a purulent infection of tbe frontal, anterior etliniokl or 
maxillary sinus. Such cases arc not common, my statistics disclos- 
ing an incidence of only 1.5 per cent of orbital infections originat- 
ing in the paranasal sinuses and causing cavernous thrombosis. 
Simple orbital infections of paranasal origin without infection of 
the ophthalmic veins are common, particularly in children and 



Fin. 52.— Anailonuniiij; \fnis (a) Wiwwm nuicosj nf frontal sinus IT) arul 
uppe^ psclnl iVI) and Ix^lwwn niatill.iry sinw* (Jf) and lower ejelid (LI). 
!f, e)fbal!, T'.S, orbital sepUnn; P, pcnmtctim of orlwt (Afttr Foil and Brunnrr./ 

\oung people, and are due to infection either by contiguity or by 
cwiffmu’ty. IVifh infection hr contiguity' tlicrc is osteitis of the 
anterior part of the lamina papyracca, the floor of the frontal slmis 
or tlic roof of the maxillary sinus. Infection by continuity is car- 
ried along tlic anastomosing blood vessels which originate in the 
mucosa of the various sinuses, nin through the bone and ramify 
in the periostetun of the orbit (Fig. 52). Gross changes in the 
bone are rare in these cases. 

When infection has invaded the orbit llierc may be collateral 
liypercmia of tin* orbit, sidiperiostcal abscess or phlegmon. Col- 
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lateral liypcremia is common, particularly with etlunoklitis. It 
may lead to subperiosteal orbital abscess but usually rcsobes 
spontaneously, and simultaneously with the cthmoiditis. It ne^cr 
causes caNcrnous thrombosis. Subperiosteal abscess indicates an 
accumulation of pus between tlie bone and the periorbita (Fig. 



I'k. 51 — Uori^imt.il llinnisU nasal s*-i>limi (.Vt), cllmmlj (K) .>’“1 

(/O n. iiawil.unin-tl diiit, S. otluUl vriitiini uitli laroi^ a'xl 

lnTiustfitni of orlut (D. m. mimi-*. «, vip«niir orhii.il li'jnri'. f. Iiniiii. 

u, .iiusti'iiio'iiic *4111* lKtv*(tii a'tliiiK'Hl jml iKnorliilu. h. siihi)«Tii)*lf.i1 aWw ‘'t 
rrliil Amm fmlKiiU** ptdm.i* of infiilKiu fnim tlic to tlic l>cl<. noiU"): 

txl 4-<l(Tiii (After Folk and flmniKr ) 

53) and is analogous to an extradural abscess It is usually nssoct- 
ated with collateral hyperemia of tljc orbit and tends to spread 
fonvard toward the orbital septum (Fig 53). Frerjuently the i*** 
feclton traseb through the orbital septum to cause lid edema or 
abscess llarcK . if es er, the alwcess extends Itack toward the optic 
fonimen. Usually a subperiosteal abscess must he drainetl h) 
incision of the orbit. Occasionally it drains spontaneotisly Into a 
paranasal sinus through a fisltila in the hone Cauernous ihromho- 
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frojji a sul>pcr}ostoal abscess of tJje orbit is unusual. Because 
tlie periorbita is highly resistant to infection, the abscess rarely 
causes necrosis ora fistula of the periosteum; if it docs, an orbital 
phlegmon ensues. The ophtlialinic veins arc thus e.xposed to 
infection, and if they become involvctl they promptly cariy’ the 
infection into tlie cavernous sinus. In such cases phlegmon pre- 
cedes tlie cavernous thrombosis iind is called primary orbital 
phlegmon. 

Witli orbital phlegmon not only the ophthalmic veins but 
the loose connective tissue of the orbit, the nerve shcatlis and 
the orbital muscles may carry the infection toward the periosteum 
of tlie base of the skull, causing osteomyelitis and, ultimately, ex- 
ternal and internal pachymeningitis with the cavernous throm- 
liosis. Orbital phlegmon is fre(jiienll> diagnosed when tlierc is 
only collateral hyperemia or a subperiosteal abscess of the orbit. 
Tills is a grave error because an orbital phlegmon nearly alwa)s 
causes cav onions thrombosis, whereas the others rarely, or neser, 
do. Fortunately, orbital phlegmon, which is comparatively com- 
mon with infections originating in the skin of the face, is seldom 
caused by an infection of the paranasal sinuses, whereas collateral 
hyperemia and suliperiosteal abscess of tlie orbit are not unusual 
sequelae. 

Plenj^oUJ /de.vrrs.— Recognition of an infection of the ptery- 
goid s'cins (Fig. 10, p. 23) presents cerlaiu dilficultics. The pter)- 
goid plexus mav become involve<l from various sources, the 
principal ones lieing tlie tonsils, pharyngeal mneosa, maxillary 
sinus and teeth. Infection originating in tlie teeth docs not come 
within tiio scope of this volume. 

Like tlie oplithalmic veins, the pleiygoid veins run through a 
space, the phars’iigomaxiHarx', filled with loose coimectis'o tissue 
and iicrses (Fig. 27, p, 79). An infection in the mouth, pharynx 
or maTlllary .sinus destined to spread toward the sknl) tra\ els pri- 
marily through the pharyngeal xvsdl or the posterior wall of the 
inaxillar}’ sinus to enter tlie anterior compartment of the pharx’ngo- 
maxilkuy .space (p, 79). In the anterior compartment the infec- 
tion may cause h mphadeihlis, abscess or phlegmon. An abscess 
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of the pharyngomaxillar)’ space (Fig. 54) tends to encapstilation, 
Intt a phlegmon defimlcly lends to spread ItJ one of three direc- 
tions. (1) It may spread from the anterior to the posterior com- 
partment of the pharyngomaxillar) space, then dowm along the 
sheaths of the great hlootl vessels, causing thromhophlehitis of 
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the jugular \ein. mediaslinitis, edema of the l.irvns. pleiiritis and 
nietastases. This type is not mit'oninton. (2) It may spread 
along the .styloglossus mtiscle to the floor of the nioiith, evcntnalh 
causing osteomyelitis of the mandihle. This type is rare. (3) Tlie 
phlegmon may spread cither svithin the anterior compartment 
toward the base of the skull or into the posterior compartment. 
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llteri upwiirtl along the slicalhs of ihc large hlowl xe^sels anti 
nerves of tlie posterior eoinpartinent ullifnately catesing an intra* 
cranial complication. Tins is less common than the first type 
hnt not as rare as the second. The principal pathway in the 
posterior compartment of the plniryngomavillars’ space is the 
inlcnial jngnlar vein, winch may carr)' the infection np to the 
lateral sinus and into the petrosal sinus and carotid plexus, from 
which it may enter the cavernous sinus. In the anterior compart- 
ment the principal pathwajs are the loose connective tissue, the 
veins of tlie pterygoid plexus and the sheaths of the third hrancli 
of llic trigeminal ncrsc. The veins may carry the infection into 
the inferior ophthalmic vein or the veins of the foramen ovale or 
foramen spinosum and thence into the cavernous sinus (Fig. 4, 
p. 13). The nerve sheaths carry the infection into the subaracli- 
noid space. Tlic loose connective tissue transmits it into tlie 
hones of the base of die skull. In all of these instances the phleg- 
mon of the pharviigornaxill.ar)' space causes caveniotts tlirombosis 
and therefore is primary. When the phlegmon is caused by n 
cavcnions thrombosis, it is secondary. 

Petrosal sinuses ami carotid p/eiiis.— Tliese blood vessels earn 
tlie infection from tlie temporal lx)nc to tlie cavcnions sinus. Tlie 
principal ones arc the inferior petrosal sinus and the carotid 
plexus, tlie superior petrosal sinus being of minor importance. Tlie 
inferior petrosal sinus is involved when there is jugular bull) 
thrombosis. Infection of the carotid plexus (Fig. 53) originates in 
the anterior part of the tympanic cavity near the custachian tube 
or in the petrous ape.x. Infections of the anterior part of the t)-m- 
jwuie «iivly arc noi invariably harmless. Tbenreb’caJly, ri)e 
usually thin anterior wall of the cavity and the ana.stomosing 
blood vessels between the tvanpanic mucosa and the veins of the 
carotid plexus should lead fretjucntly to spread of hotli acute and 
clironlc infections to the carotid ple.xus. Actually, this is not com- 
mon, although it is less rare than is assumed by many otologists 
who contend that infections of the carotid plexus occur only with 
luherculosis of the tymp.inic cavity. Microscopic studies liy the 
author discloswl Ihrombophlehitis of the carotid plexus in three 
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casi’s of clioUslcMtnnu of ihc tyinpanJe cavit) (f’ig. 5-5), one c-asc 
of ttihercnlosis of iJie t\inpanlc caWty (the carotid plexus being 
infected by cocci, not b\ Kwlis bacilli) and one case of subacute 
otitis in a diabetic. Other imesttgalors base found infection of 
the carotid plexus with acute otitis. Cousecjucnlly, any infection 
of the tympanic ca\ it)’ max inxoU’c the carotid plexus and oventu- 



Tu. 55.— niroiiit*ip}iU4>iUs <•! plrsii^ T nnJailil.m liitic. C. tnlmiil 

(itmtut .ir1cr> 

alK the caxcriious sinus Inrections of the petrous apex seldom 
in\ol\e the c-arotid plexus. 

There is a distinct differciics' l>cl\vct*n the pctros.rl sinuses and 
carotid plexus and the palliwaxs previousK discussed Whereas 
infections in the orbit or pbarxnigonuixillarx space travel simul- 
taneously along tile xenons radicles, nene sheaths and loose con- 
nective tissue toward the sUtll and meninges, infections sprcail- 
ing from the txmpanie caxilx are limited to the petrosal sinuses 
and carotid plexus and cause caxemons thrombosis xvithoiit .stmni- 
taneous involx cmenl of the meninges and hones of the skull. Fnr- 
thennore, the walls of these pathwaxs do not contain muscles, 
conscquentlv, the spread of infection is not assisted hy muscular 
action. In addition, the txinjraiiic hpe of eax’emons thromlmsis is 
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iippurc’/itl)’ cMiiscd In’ an infection of Jow grade ;’ini)encc; other- 
wise, the infection would probably cause meningitis before arrix - 
ing at llic cavernous sinus. In the tympanic type, also, the orbital 
hifcctioii is invariably secondary. Tints the Ivmpanic type differs 
from other types of cavernoits thrombosis both pathologically and 
clinically. Some surgeons emphasize that in tlic tympanic type 
llierc is slow occlusion of the cavcnioiis sinv«s, causing a chronic 
compensation type of thrombosis, whereas in the otlier types 
there is sudden obliteration of the sinus, causing an actite fnl- 
ininating tvpe of cavernous thrombosis However, the rate of the 
occlusion is not a good criterion for diirerenliation because proof 
is impossible. More important arc the rale of spread toward the 
sinus and the eventual uniting of infection along tlic blood vessels 
witli tliat along the nerves and loose connective tissue. In tlio 
tympanic type spread is slow and limited to tlie two pathways. 

iVnfls/oniosing bfood eerse/s.— As mentioned on page 2-1, Idoocl 
vessels originate in llie .sphenoid mucosa, run tbrougli tlie walls 
and drain into the cavenrous sinus. An infection of the splicnoid 
mucosa max’ cause thrombophlebitis of tbes<f anastomosing blootl 
x’csscls and tlirombosis of the cavernous sinus. Altliough micro- 
scopic ex’idence is scant)', this patliogencsi.s mav be infened in 
all Ciises of puuilcnt sphenoiditis and cavenious thrombosis with- 
out gross osteomyelitis of (lie sphenoid. Among 66 cases of 
rliinogenous, otitic and pharvmgcal thrombosis of ll»e cavenious 
sinus, 17 per cent were of this type. 

Afcnuigeof ocins.— With extensive tliromliophlchilis of the 
veins of tlic pia, as may occur in leptomeningitis, the infection 
oc'casionally spreads along the meningeal x’eins to the cavcinoiis 
sinns. Tins type of cavernous thromhasis is a terminal condition. 

Infection carried into the cavernous sinus along one or more 
of the venous radicles enters a space which contain.s several 
venous channels, the carotid arterv’, sheaths of several cranial 
nervt^s and loose counectixe tissue (Figs, 2 and 9). Consequently, 
the infection does not inevitably fomt a thrombus, as is the case 
when infection invades the Literal sinus by contiguity, causing 
inllammalion of the sinus wall and necrosis of the endothelium. 
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Altliougli ihromljus formation is (lie most frequent result of infec- 
tion of tlie cavcnious sinus, hi some instances the infection pri- 
niarily involves tlic loose connective tissue, causing iin accunntla- 
lion of pus wlille the veins are, to a great extent, simpi}’ com- 
pressed or necrolio, but not thrombosed (Fig. 56). In either case 
t)ie condition is called thrombophlebitis and tends to spread into 
(1) the intercavernous (or circular) sinus, (2) orbit, (3) men- 
inges, (4) pterygoid fossa and pharyngomaxillar)' space, (5) splie- 
noid sinus or (6) lateral sinus. 

Invasion of the intercavernous sinus is the most important. 
Virulent infections spread rapidly, sometimes with only a few 
hours between the clinical manifestation of cavernous thrombosis 
on the two sides. Frequently It spreads into the orbit, causing 
thrombophlebitis of the ophthalmic veins and secondary orbital 
phlegmon. Owing to t(ic connection of the cavernous sinus with 
llic meningeal veins, the infection readily spreads from the sinus 
Into the leptomeningcs, causing meningitis or infection of the 
brain. Spread of the infection toward the ptciygoid veins Iead.s 
to formation of an abscess of the phaiyngomaxillarj’ space. This 
type of spread is often unrecognized because of failure to examine 
the pliar^Tigomaxillary space in routine autopsies. Along the blood 
vessels between the sphenoid mucosa and the cavernous sinus the 
Infection may spread into the sphenoid sinus, causing sphenoiditis 
and osteomyelitis of the walk of the sphenoid. Ultimately the 
infection may spread along the petrosal sinuses into the lateral 
sinus. If cavernous tlirombophlebilis causes metastases, they are 
usually found in the lungs. 

SYMiTOXIATOLOCy 

Systemic symptoms.— 'T}}ere is usually se\’erc septicemia. W'ith 
cavenjous llirombosis from infection of the skin of the face, 
staphylococcic bacteremia is common; with that sccondaiy' to 
infections of the ear, nose or throat, streptococci or staphylococci 
are occasionally found in the blood. However, blow! cultures ma\’ 
be negative even though autopw reveals multiple pulmonar)’ 
metastases. 
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Syinploniaticiill)', ihe septiccinia dtti? to cavernous tlirniiiliusK 
docs not differ from that caused hy infection of other dural 
sinuses. It is difficult to detennine the duration of cavernous 
thrombosis on tlie basis of septicemia. If the first manifestation 
of ocular and orbital s)inptoms Is arbitrarily considered to be t!ie 
onset of the ca\ernons thrombosis, the disease nsnaUy nnis' a 
rapid course. Without adcciuale treatment, the duration is from 
several hours to nine daj's, the average being foiir thus. In oar 
cases, the thrombosis mas last three to four weeks and the ocular 
and orbital s)’mploms may fluetuate, even disappearing and re- 
appearing. Tlie temperature is moderately elesated, with occa- 
sional abrupt rises. The picket-fence ts pe of fever becomes defi- 
nite only shortly before death. Tlicsc cases arc not common. The 
hypothesis tliat in such cases there is an aseptic clot in the c-aver- 
nous sinus is not bonic out at autopsy, because the cavernous 
sinus frecptently liarhors pus. 

General brain symptoms.— T\\csc do not differ from those 
in thrombophlebitis of the other sinuses. Euplioria is a prominent 
feature. Unless the meninges arc involved the patient may insist 
that he feels well despite high fever. Tire cerebrospinal Iluid Is 
nonnal or cloudy but docs not contain bacteria until just before 
death. Apparently the cloudiness is due not to the cavernous 
ihromhosis but to the meningitis. 

Focal brain symptoms.— T\icsc arc not present unless tlie 
cavernous ibrombosis causes brain abscess or softening o: the 
brain. 

Ocular and orbital symptoms.— These arc considered the 
principal svanploins Tlic} consist of cxoplillialinos, edema of the 
eyelids extending toward the bridge of the nose, check or tem- 
poral region, ehemosis and occasionally hemorrhages in the con- 
junctiva. Tlie s) Jiiptoms are unilateral unless the infection spreads 
from one cjivcnious sinus to the other. In addition, there is 
paralysis of the cranial nerves in Uie orbit, with the ahdiiccns 
and the first branch of the trigeminal nerve most frerjnenlU in- 
volved. Tlie latter causes stabbing pain in the eve wliich is in- 
creased hy pressure on (he glol>e. Occasional!)' there is corneal 
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suicstliesia and, exceptionally, clouding and necrosis of (iio 
coraeu. The pupils are usually dilated and fixed or react sluggishly 
to light. The optic disks are often blurred and may be slightly 
elevated on t!»e nasal side. Tlie retinal veins are engorged, but 
definite papilledema occurs in only 10.6 per cent of cases, and in 
these it appears only one or two days before death. Amaurosis, 
retinal Ijemonlmge and general retinal edema, wliich may pass 
unnoticed, are even rarer. Papilledema cannot be considere<l 
cliaractcristic of cavernous thrombosis and if present, particularly 
in the initial phase of the illness, frequently indicates some com- 
plication other than cavernous thrombosis. 

Exoplithalmos is due not to the cavernous thrombosis but to 
the orbital infection. Two observations favor this concept. ( 1 ) Ob- 
literation of tlie cavernous sinus by injection of wax or oil into the 
sinus does not produce exophthalmos. (2) Among my statistics 
there arc 16 cases (24 per cent) of cavernous thrombosis with- 
out ocular or orbital s)Tnptoms, even terminally, although autopsy 
in several revealed involvement of both cavernous sinuses. In only 
one of the 16 were there fixed pupils. No other ocular or orbital 
.symptoms were present. In eight cases tlie cavernous thrombosis 
originated In the tympanic cavity, in six in the pharyn.x and in 
two probably in the sphenoid sinus. In contrast, some reported 
cases presented ocular and orbital symptoms on both sides, 
altho\igh at autopsy only a mtiral thrombus was found in one 
cavernous sinus. It is true that e.xop)jlhalmos occurs in rare in- 
stances of aseptic cavernous tlirombosis, as it is occasionally seen 
in dehilitalcd individuals or after injuries. However, even in these 
cases there is probably orbital involvement, consisting of passive 
Inperemia or tlirombosis of tiie ophthnlmie veins, transudate and 
[icrhaps hemorrhages into the orbit For the same reason transi- 
tor)' ocvilar and orliital symptoms may occasionally occur with 
extensive thrombophlebitis of the dural sinuses but without infcc- 
liou of the cavemou.s sinus, or immediately after ligation of the 
jugular vein, p.articularly in children. 

The orbital Infection caused by cavernous thrombosis varies 
considerably in extent. In the mildest cases there is only collateral 
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h\pcroniia cau'.itig a scro»« exudate Into llic orl)ital Ussiie. An in- 
fection of tlii!. t}i>e resoUes .sjjoiitaiicously, .‘.o that partial or coni- 
plote recession of tlie proptosed eye jna\ occur c\'en in fatal cases. 
Wlien infection of the cavernous sinus causes an orbital phlcg* 
inon, spontaneous cure can hardly l>e expected, particularly when 
abscesses develop in the orbit, and the ocular and orbital symp- 
toms will not rc'solvc spontaneously. Since cavcnious thrombosis 
may cause collateral hyperemia as well as phlegmon of the orbit, 
the intensity of changes in the e)c first afTccled may abate as 
collateral circulation in the orbit lx‘comc.s established, while the 
other eye, invoKed later, presents progressive cvophtlialmos. In 
other cases exophthalmos caused by collateral hyperemia may 
subside spontaneously, and several <la)s later the orbit may be- 
come reinfected, resulting in orbital phlegmon. 

Granted that the orbital and ocular symptoms are due to in- 
volvement of the orbit and not solely to the cavernous tlirombosis, 
clinical evaluation of the svinptoins is not diincult. With para- 
nasal Infections, except those of the sphenoid sinus, there Is 
usually a primaty orbital phlegmon. Consequently, the ocular and 
orbital symptoms arc .striking, allbougb whether the symptoms 
are due to orbital phlegmon plus cavernous thrombosis or to 
orbital phlegmon alone is not clear. However, if the septicemia nr 
genera! brain svinptoms are pronounced, involvement of the 
cxivemous sinus may reasonably be assumed. Diagnosis of caver- 
nous thrombosis is definite only when the other eye is involved. 
In this event the thrombosis lias spread through the intercaver- 
nous sinus to the cavernous sinus on the other side and then into 
the other orbit. Althongb bilateral exophthalmos is conclu-sive 
evidence, bilateral lid edcmia is not, because unilateral inllam- 
niation of tlie orbit often causes edema of both lids. In cavcnious 
tlirombosis of otitic or pliaiyngeal origin tlie orbital plilegmon is 
usually sccondaiy', so that rxnilar and orbital svniptoms are often 
hacking. Of 12 personal cases of cavcnious thrombosis of otitic 
origin, exophthalmos did not appear in 10, and in two devclopctl 
only a few davs before death. Fiirthcmiore, ocular and orbital 
svmptums in otitic and pbaryngcal cavernous thrombosis iisuallv 
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indicate infection of tlie orbit plus infection of the cavernous 
sinus, but in paranasal infections they may be caused by orbital 
infection alone. Consequently, svhercas in rhinogenous infections 
unilateral orbital and ocular symptoms may or may not be due to 
cavernous thrombosis, in otitic and pharyngeal infections they 
almost invariably indicate cavernous thrombosis. 

The distinction between primaty and secondary orbital phleg- 
mon may seem arbitral^’, but it has practical value provided the 
origin of the cavenious thrombosis is known. This is not always 
possildc. Occasionally cavernous thrombosis considered to be of 
otitic origin is actually due to unrecognized sphenoiditis or 
cthmoiditis. In other cases Bczold’s mastoiditis causes sj'mptoms 
of cavernous thrombosis, which is attributed to the otitis when 
actually it is dvie to the deep neck abscess which has extended 
into the pharyngoma\illary space. 

A man, aged -4.5, had recurrent acute otitis on the right side winch 
esmsed Dezold's mastoiditis, with fc\'er. chills and trismus. On May 19, 
19-13, the mastoid was operated on and nock abscess incised. Extensive 
periphlebitis of the lateral sinus u-as found. Tlie pus contained strepto- 
cocci. Tlje patient was given sulfonamides, l)ut the neck swelling did 
not recede. On June 9 the neck abscess was again Incised, with the 
•incision extended to the rctroauriailar incision. The incision was left 
open. On June 26, the retroauricular incision was reopened. Scvcwl 
scquestriiins were found on the sinus and an extradural abscess in flic 
petrous angle svas drained. There was marked periphlebitis, but no 
sign of sinus thrombosis. On June 28 he complained of pain in the 
right eye, and on July H there were slight symptoms of meningitis. 
On July 12 there was a suggestion of hluning of the optic disk on tlie 
right side, and on July 14 there were striking stiffness of the neck, 
ssvciling and redness of the left upper c)’clfd and slight chemosis and 
p.iri'sis of tlic e.xtcnwl rectus muscle, lie compkiined of double sisiou 
on looking up. The left cheek was swollen, and there were marked 
sweUittg and redness of the right side of the neck, the redness extend- 
ing along the posterior surface to the left slemocleidomastoid muscle. 
Tlie left side of the soft p.d.itc ss-as swollen. There were no meningeal 
symptoms. On Jtily 15 (In* cerebrospinal fluid was sterile but con- 
t.dned 500 jiolymichstr cells On July IS there w’cre pus in the right 
lateral sinus and right-sided jKipillednna, lie died the next day. 

Autopsy revi*;ded basilar meningitis, purulent thromhophlchilis of 



230 INFI^MMATOIIY DISEASES OF DURAL SlNUSEs' 
the* cavernous, superior pcirosal and lateral sinuses on both sides, a 
Jarge exlraduraL abscess in the right posterior cranial fossa, an abscess 
at the lip of the right temporal lobe, a second absc-ess in the right 
occipital lobe and a metastatic abscess itt the left lung. In this case 
lliere was a sc\ ere infection of the right mastoid which did not resjwiid 
to sulfonamides. Penicillin w;»s not available. Presumably, perfor.ilion 
at the tip of the mastoid caused u neck abscess on the right wliicli, 
despite surgery and sulfonamides, spread along the posterior surhicc 
<if llic neck to the left side. From here an ascending infection e.xtfiid«l 
into the eaxernous sinuses on Imlh sides and thcnc'c into the superior 
petrosal and lateral siHuse.s. Perhaps radical surgery ou the left side oF 
the luck would base arrcstctl the spread of infecliou. 

Nasal stjinploms.—Of the paranasal sinuses the sphenoid 
and posterior ethmoid arc the principal ofTenders. Cavcnious 
tlirombosis due to an infection of the frontal slims, acute osteo- 
myelitis of the skull or maxillary' sinusitis of dental origin is not 
common. Acute sphcnoldilis seems particularly prone to cause 
infections of the cavernous sinus. Cavernous tliroinbosis In nurs- 
lings from the first week to the ninth month of life is often due to 
osteomyelitis of the maxilla. The greatest incidence is during the 
first tliree weeks after birth. Redness, swelling, purulent dis- 
charge, necrosis and sccpicstration may be present on any or all 
surfaces of the maxilla. The cause Is infection of the tooth buds or 
maxillary and ethmoid sinuses. 

The sphenoidilis destined to cause cavernous thrombosis docs 
not cause unusual symptoms, but tbcrc are usually signs of an 
impending intracranial complication. Tlieso include persistent 
fever, chills, vomiting, delirium, pain in the neck and persistent 
pain behind the eye. Tlicsc symptoms and pus in the olfac- 
tory fissure and x-ray evidence of n cloudy sphenoid and pos- 
terior ethmoid indicate impending complication. Diagnosis 
is difficult if panvimisilis and infection of the anterior sinuses 
obscure the infection of the |X)stcrior sinuses. The dilficultv 
increases if there is closet! empyema of the sphenoid or |)os- 
terior ethmoid, or l>olb, uitli no pus and cnisls in the olfac- 
tory fissure, There may Ire closed empyema in Iwth acute 
and chronic infections. In the airscnce of other symptoms, such 
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as licadaclie, anosmia and pJiar}7>gilis, llie splicnoiditis may re- 
main unrecognized even after tlie bony walls of the siiuis are 
involved. Tliis latent tj’pc of sphenoiditis may flare up with an 
infection of the ear or the tonsils or after a minor nasal operation, 
particularly resection of the nasal septum. Frequently the aural 
or tonsillar infection is treated until death, and autopsy reveals 
tljat splicnoiditis caused cavernous thrombosis or meningitis, oi 
both. Tliereforc x-ray examination of the posterior sinuses sliould 
be made in every case of cavernous thrombosis unless it lias 
originated in an infection of the skin. If the sphenoid infection 
has traveled into tlic cavernous sinus and proper treatment is not 
instituted, the caverno\is thromhosis is fatal in five to 18 days, 

rhartjngeal symptoms.— A phlegmon of tlic pharvngoinaxiUarv 
space is a potential source of infection of tlie cavenious sinus. Al- 
lliough the phlegmon spreads along the great blood vessels of the 
neck toward the mediastinum more often than toward the monin* 
ges (p. 220), I venture the opinion that an ascending extension 
of the infection is frequently concealed by the more conspicuous 
spread toward the mediastinum. However, the extension is often 
exclusively an ascending one, and its early recognition is of ut- 
most Importance in xiew of the unfavorable outlook when tlie 
infection becomes intracranial. 

All infections of the phaiym and mouth may eventually travel 
into the pharyngomaxillar)’ space. If the pharvaigoiTiaxillary infec- 
tion is due to peritonsillitis, as occurs in 1-2 per cent of all acute 
inflammations of the tonsils, the following s\TnptoiTis indicate 
ascending extension of the phlegmon. (1) Irritation of the 
trigeminal iicrs’C, particularly the tliii^ branch, causes pain in the 
teeth and eye and eventually typical trifacial neuralgia. Some pa- 
tients complain of iieadache radiating to tlie temporal area, car 
or occiput. It is not necessarily a manifestation of an initial phase 
of basilar meningitis, hut may' lie due to involvement of the 
auriculolemporal nen’c, which leaves the third branch of the 
trigeminus below the foramen owle. Headache is not as common 
as one would cxjwcl and often appears only in a late stage. (2) 
liar .syanploiiis, due to acute caliwh of the tympanic cavity on 
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llio involved side, include pain in the ear, tinniUis and cvenhially 
diminution of hearing. (3) Trismus is highly suggestive, ^^hen 
present, even thoi:gh the peritonsillar infection is subsiding. (4) 
The tonsils and palatal arch bulge into the mouth. (5) Swellnig 
of the lateral phaiyaigeal wall extends toward tlie Ijase of the 
skull. Pharyngeal swelling may also be caused by pimilcnt e.siiclaU' 
extending dowm from a cavernous thrombosis of otitic or rliinog- 
enotis origin into tlie pliaryngomaxillar)' space. (6) Tlicrc may be 
.swelling in the region of the parotid gland. (7) Swelling of the 
temporal region is csuiscd by thrombophlebitis of the temptjnil 
veins or the pterygoid plexus or by an abscess in the temporal 
muscle. It never extends l>elow the zygomatic arch. 

Infection ascending from the pharyau has either a fulminating 
course of four to eight days or a delayed course of nine to 30 da)'s. 
In die latter type the symptoms of cavernous thrombosis appear 
only in tlic terminal stage. 

Infections of the pbaryngoniaxillary space are frequently im* 
recognized. The reason is obvious. Tlie patient is seriously ilk and 
the profound septicemia so engages the surgeon’s attention lliat 
close examination of the throat is perfonned only if there is 
swelling of the neck, if the patient complains of difficulty in s\v.ib 
lowing or if lie is spitting bIcKxl. Ilcncc a moderate swelling of 
the lateral pharyngeal wall or .a displacement of the tonsil is often 
overlooked, especially after trismus renders examination of the 
thro.'it difficult. 

A m.m, aged 45, had acute otitis on tlie left, w’ltli fever. After para- 
cx'iiti'sis the drum meinljmiic Irecsime gray, l«il there were ciiills, spik- 
ing teniperature and slight edema of tlic left mastoid process. A 
simple mastoid operation disclosed no pathology in the mastoid or 
latnral sinus. Nevertheless, the Jugular vein wus ligatcsl. Two days 
.ifter opemtion there were exophthalmos, clmnosis and ahductsis 
paralysis on tlie left side, hut no meningeal symptoms. Based on inctir- 
rect intcrprcLition of an x-ray film, a Sireit operation (p. 126) was 
perfoniuxl, but no pus was discovmxl at the petrous apes. Siilfonain- 
hies and penicillin were not acailahle. At autopsy cavernous thmm- 
l>osis was discovertd on both sides, liiit no meningitis. In the left 
temjxiral bone, the juguLir bulb, carotid plexus and ajiex were nonn.il 
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MfCTO<Ecoptc cxarnidatiori of the left ciierncuK slntis rescalccl an ac- 
citmnlafiofr of pn? wlifch h.u] t'XlerKktl ttward the sella turcica and 
{he yrejifer wing of the sphenoid Iwne. Toward the carotid plexus the 
inllammation decreased, and there was piacticaJly none in the carotid 
canal of tlie temporal bone. However, there was definite throinbo- 
phlehltis of the vcsalian xeins, which run through the basilar fibro- 
cartilage and create an anastomosis between the cavernous sinus and 
the pterygoid plexus in tlie pharyngomaxlllary space. 

Tlie pathology in this case is not clear, yet it can be stated definitely 
that the cavernous thrombosis was not of otitic origin. Therefore the 
surgery performed was unnecessary. Actually, jugular ligation probably 
encouraged fonnation of the cavernous thrombosis. Microscopic ex- 
amination indicated that thorough examination of tlie pharynx and 
mouth probably would have established the correct diagnosis. 

Olitic symptoms.—CavGTnom thrombosis can be coused by anj' 
{jpe of otitis. My statistics show tJiat it was caused by acute otitis 
in 10.5 per cent and by chronic otitis in 21 per cent of cases. In 
one case the thrombosis originated in tuberculous otitis with sec> 
ondary streptococcic infection. Not infrecpiently cavernous 
thrombosis develops after a mastoid operation, either in one or 
several days or after six to eight weeks. In all such cases con- 
valescence after the mastoid operation is disturbed. In infants the 
syntptoras of cavernous thrombosis may be noted immediately 
after jugular ligation. 

Infections of the tympanic cavity have a greater tendency to 
.spread toward the lateral sinus or jugular bulb than toward the 
cavernous sinus. Usually there is extensive thrombophlebitis of 
the lateral sinus and jugular bulb prior to involvement of tlie 
cavernous sinus. Obviously the symptoms of thrombophlebitis of 
tlie lateral .sinus and jugular bulb obscure those of cavernous 
thrombosis, .since in eax-ernous thromljosis of otitic origin the 
orlulal infection is always secondary. W^ten eax'^mous thrombosis 
of nasal or pharx'ngeal origin extends into tlie lateral sinus, the 
ocular and orbital sx-niptoms arc more striking, and the tsmipanic 
cavity is normal, although the skin over (lie mastoid process may 
he edematous. 

Despite lack of clinical sxTnploms which stigmatize otitis as 
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a potential source of cavernous thrombosis, tlic possibility of 
otitic ca\ ernons ibromlwsis must Ijc kepi in mind after operations 
for thrombophlebitis of the lateral sinus. If the septicemia persists, 
the surgeon usually nltribulcs it to thrombophlebitis of the jugular 
bull) or progressive thromiroplilebitis of the lateral sinus. How- 
ever, the septicemia may I>c clue to thrombophlebitis of llie in- 
ferior petrosal sinus or carotid piciais ss'hich is advancing touurd 
the cavernous sinus. 


rnooN'osis 

Theoretically, there arc two reasons wh)' the prognosis for 
cavernous thrombosis should he more favorable tlian that for 
lateral sinus ihromhophlehilis. First, in the cavernous sinus the 
considerable amount of conncctKc tissue should assist in locali4- 
ing the infection, as it docs in the subarachnoid space and tl>e 
pcrilj'mphatic space of the inner car. Uence, spontaneous euro 
should be more frequent in cavernous thrombosis than in lateral 
sinus ihroinhophlebilis. Second, with infections of the ensemous 
sinus there is usually onlv tlirouibosis, not tlirnmliophlehitis. 
That is, the wall is not involved, or is involved only to a minor 
degree, except in cavernous thrombosis originating in osleonn* 
elitis of the sphenoid. Considering that in lalernl sinus thrombosis 
failure of treatment and further complications are often due to 
progressive inflammation of the sinus wall, one should expect 
more favorable conditions in infections of the cavernous sinus- 
yiiforluiiatcly, thcorctlcxil arguments are not liornc out in clini- 
cal experience. TIic prognosis for eax onions throinliosis is not 
gomV There are two reasims for the discrcp.mc)' between theory 
and practice. First, the carotid artery running through the caxer- 
nous sinus acts as a dynamic force driving the infection in ah 
directions, particularly into the ineiiinges, hnigs and, occasionally, 
the brain. Furlliermore, tliccasemoiLS thrombosis is nearly’ always 
preceded by infection of the tributary veins— the ophthalmic veins, 
the veins of the pterygoid plexus, the petrosal sinuses and the 
carotid plexus. Hence, in the presence of eavenious ihroniliosis. 
one may assume that llierc is widespread infection of the v eins of 
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the skull. TI»e exception is cavernous tliromhosis tine to sphenoidi- 
lis, in which the sinus will does hccome involved. However, in 
suclj case.s there is almost simulUmcoiis meningeal infection, so 
that llie outlook is no more favorable. 

To sum up, the prognosis for cas'cnious thrombosis is serious 
not because of the thrombosis itself hut because of the severe in- 
fection wliich precedes it and the rapid extension of infection 
which follows. If for any reason the infection does not spread, 
spontaneous recovery may ensue. In fact, spontaneous cure ha,s 
!)ecn reported for all typos of cavernous thrombosis. In 45 cases 
of all t)'pes of cavernous fhromliosis, mortalit)’ was 69 per cent. 
There is no doubt that chemotherapy will materially diminish the 
mortality rate provided coiTcct diagnosis regarding the origin of 
the cavernous thrombosis is made. 

TREATMENT 

Tiierc is no standardized treatment of cavernous thrombosis. 
It seems to be established that chemotherapy is superior to sur- 
gery of any type. Penicillin, sulfonamides and hacteriopliagc are 
the preparations of clmice. Penicillin and sulfonamides must he 
given in maximal dosage. Some surgeons administer 30 gr. (2 
Gm.) of sulfatliiazole plus 15 gr. of sodium liicarbonatc every 
four hours, i.o., a total of 180 gr. (12 Gm.) in 24 horns, for 14 
day.s. Then the dose is gradually reduced until the patient is dj.s- 
chargcrl on a dose of 1 Cm. three times daily for at least two 
weeks. Usually a smaller dose is used, with 8-12 Gm. the first 
rlay and 4-8 Gm. daily thereafter for 16-14 days. 

St.7phyIococ’C((S h.icteriophagc fv given /nfnivenofKlv iff a 
scries of regularly spaced, increasing doses until a chill results, 
or until a total of 500-1,000 cc. has been administered the first 
day. Subsequently, bacteriophage is injected at least twice d.'iily 
until tljc patient appears normal, and then once daily for tu’o 
wc<*ks. It Is then administered once or twice a week for si.v months 
to prevent sequelae, such as brain abscess. 

Heparin or coumarin should l>e added, and fluids and blood 
transfusions should Iw given according to the rcqitiremcnts of 
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the ituliviclual patient. Ktn'ptococcns anfiscnim. intrac;ircilkl in- 
jtn:th)ns of ri\;u»)l, stapU\loc«ccMs »ittito\io Uiul oilier anliseplic 
preparations have I»ccn used Miccessfnlly but are no longer rou- 
tinely employed. This tj-jic of treatment should he used, when 
indicated, in conjunction with surgical procedures on the mas- 
toid, paranasal sinuses or phar}mgo!naxillary space 

The surgical treatment of cavernous thromlmsis includes 
(1) procedures designed to combat the infection indirectly, hut 
not to attack the cavenwus sinus proper, and (2) direct pro- 
cedures designed to drain the cavernous sinus. 

1. Tile principal indirect method is the ligation of the com- 
mon carotid or internal carotid arter\- to arrest pulsations of the 
artery within the cavernous sinus and to place the sinus at rest. 
Although a few reported cases indicate that the procedure was 
successful, it did uol Iiccome jiopular for various reasons. The 
procedure is hazardous because ligation of the common or intcnial 
carotid artery inaj cause damage to the hrain, particularly when 
the cerebral b!oo<l circulation has not been prepared hy s)s- 
Icmalic digital compression of the «»rotid artery before ligation. 
Furthermore, experience uilh arteriovenous aneui 7 .sms of the 
cavernous sinus proves that carotid ligation does not prevent 
recurrences of the aneuiysm. There are free anastomoses hetween 
the interna! and e.xtcmal carotid svstcins through the circle of 
Willis as well as through the orbital branches of the nphlhalniie 
arlcrv’, which communicate with the ophthalmic arlerj’ on the 
opposite side and with the orbital, facial, temporal and meningeal 
branches of the external carotid. Tliese anastomoses may, in a 
few hours, carr)- blood into the internal carotid which was slml 
olT Iiy ligation. For these reasons I do not ligate the carotid 
arterv in cases of cavernous thromlrasis. 

Other indirect procedures include drainage of the superior 
petrosal .sinus within the temporal iKine, drainage of the jugular 
hull) and siihsequent aspiration of the thrombus from the inferior 
petrosal sinus and drainage of the petrous apex. All have been 
used successfully in individual cases. They should be perfonned 
when there are clinical indications and the patient’s general con- 
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dition permits surgery. Tl>ey cannot, however, bo considered 
standard operations. 

Of practical importance are incisions of the orbit. These arc 
Irascd on a sound .surgical principle in primary, but not in sec- 
ondarx', orbital phlegmon. Nevertheless, the orbit lias been in- 
cised in both types of orbital phlegmon, xvilh reported .success 
when pus was evacuated from tlie orbit. Usually, however, no 
pus was discovered Iiecauso the infection had involved only the 
orbital veins or the ab-sccss had hecn localized at the orbital apex 
near the optic foranujn. In these cases it is doubtful that iucisions 
of the orbit were bcileficial, particularly when access was gained 
by preparation of a Kroenlcin flap, which mn.st bo considcretl a 
major operation. ’ 

Despite all risks, there would be no substantial objection to 
incision of the orbit if a diagnosis of frank pus could lie made 
prior to (he operation. This is possihic only if tlic abscess extends 
forward to the conjunctiva, and in this event a spontaneous rup- 
ture often occuis. Tliese instances arc, iiowevcr, rare. Therefore 
incision of the orbit is apparently advisable if cbemothcrapv 
fails or if amaurosis impends. Postponement of the operation is 
not dangerous because eight days or more arc required for frank 
pus to form in a primary orbital phlegmon and two weeks or 
more in a secondary phlegmon. 

2. The principal direct apprixicjies are through the orbit, 
through the sphenoid and through the middle cranial fossa. 

Ill the approach t}irough the orbit, performed by the technic 
of Mosher, (he globe' is removed, the orbit exenterated and the 
ophthalmic artery ligated. Tlie next step is to separate the peri- 
osteum from the prjiital surface of the greater wing of tlic 
sphenoid and to identify the outer end of the sphenoid fissure. 
With the chisel placed vcitioally, a exit is made through the 
orbital plate of thc^greatcr wing and enlarged outward 0.3 cm. 
The lower edge of 'the l>ony window is brought flush with the 
floor of the orbit. The dura is then elevated from the floor of the 
middle cranial fossa,' After exposure of the outer wall of the 
cavernous sinus and separation of the dura from it for 1 cm., a 
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blunt knife is placed against the outer wall of the sinus on a IcalI 
with the floor of t!\c orbit and ibe knife blade is carrietl forward 
toward the bo<ly of tlie sphenoid until it is arrested by bone. 
Tlirough this iticision into the cavernous sinus a small curct csin 
be inserted to the openings of the superior and inferior petrosal 
sinuses. 

Tlie approach throxigh the sphenoid sinus consists of remosal 
of the ethmoid laluTinth, middle turbinates and anterior sphe- 
noid wall. A curet is pusljcrl llirough the roof of the sphenoid 
sinus close to its junction with the external wall. The blunt end 
of the airel pushes the carotid artery aside uitliout damage, 
and by rotation of the .spoon in a forward dircdioix away from 
tlic arterj’, its edge catches bone and a bole of some size can be 
made, leading dircctU into the cavenious sinus. 

Tlic approach through the middle cranial fossa i.s the .some as 
tlie tjpical approach to the gasserian ganglion. 

Tlxese direct methods arc cxlensbc and sangxnnary pTocedures 
which patients uitli profotind septicemia can selcloni endure. All 
that c-an he accomplished is incision of the sinus and, occasionally, 
partial remosal of a clot. E\|)en'cncc in lateral sums tlirombophle* 
iritis has prosed that simple incisions of the simis with or without 
partial remosal of the dot mas lx* successful m fasorahlc casts 
without tcndcncs to spread In progressive cases tliesc procedures 
arc not cffcclivc. In view of the facts that in cavernous thrombo- 
sis the tendency to .spread is marked and that the spoiigclike 
structure of the sinus will scarcelv |>ennil of free surgical drain- 
age, ll«‘ direct surgicivl approach cannot ht* advisttl as a rovUinc 
procedure. 

Tiutovmosis or' tre Sertnum LoxcinmivAi. Sisi s 
rvTiiOLoav 

lliis section deals with thromlKisis of the superior longiludin.d 
sinus caused hv infectrnns of the car and paranasal sinuses. 

As in (lie cavenious sums, iiifpctioii of the superior longitu- 
dinal sinus fxxMirs more frecpieiitlv by coiitimiity tliaii by conti- 
guity. Hence, the tenn throniliosis, not thromhophlchitis, is ap* 
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plied. The frontal sinus is the principal offender; altliougli a few 
recorded ca.scs indicate that the mavillar)’ or ethmoid .sinus may 
be the .source of infection. An infection of the frontal sinus may 
involve tlie superior longitudinal sinus citlier by way of anas- 
tomosing blood vessels or by causing osteomyelitis and extradural 
abscess. It is likely, although not proved, that in infections of 
the frontal sinus the many small veins which carry blood from 
tlie mucosa of the frontal sinus into the superior longitudinal 
sinus (Fig. 5) become involved with tlirombopblcbUis and carry 
septic material into t))c sinus, causing septicemia. Actual thrombus 
in tlie superior longitudinal sinus, continuous with thrombophle- 
bitis of the small anastomosing veins, is not common. This is in 
accordance with the findings in osteophlebitis pyemia (p. 148), 
which also causes septicemia but seldom llirombopljlebitis of the 
lateral sinus. Thrombosis of tlie superior longitudinal sinus is also 
uncommon with acute osteomyelitis of the skull originating in tlie 
paranasal sinuses. Some writers believe that it occurs in about 23 
per cent of cases, particularly in those with subdural empyema 
from the osteomyelitis. This coincides with my c.vpcriencc. It is 
likely tliat tliromiiosis of the superior longitudinal sinus would 
be reported more frccpiently if tlic anterior portion of the sinus 
were always examined at autopsy. 

If the car is the source of infection, thrombosis of the superior 
longitudinal sinus is simply a contimialion of tlirombophlebilis 
of the lateral sinus, particularly with involvement of the right 
lateral sinus, which usually anastomoses freely with the superior 
longitudinal stuns (p. J6). In these instances tlie infection of 
(he sinus wall does not necessarily extend from tlie lateral to the 
superior longitudinal sinus. In some a marasmic thrombus of 
the longitudinal sinus apparently joins the septic thrombophle- 
bitis of the lateral .sinus and bet'omes infected secondarily. Fa- 
voring tin's concept is the frequent observation of marasmic 
tlironilii in the longitudinal sinus. 

Apparently thrombosis of tlie longitudinal sinus has a different 
course in rbinogrnoii.s and in otogenous infections. Ithinogenous 
(hromliosis is probablv caused by a particularly vlnilcnl iuh-ction; 
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ollienvise it would occur more oCtcn with froutal sinusitis, a 
rather common ts’pe of infcctioiu Because of the virulence, the 
course is rapid, ami autopsy reveals not only thrombosis of the 
longitudinal sinus hut cavernous tliromhosis, external and iulenul 
pach)ineningltis and, eventually, meningitis, encephalitis or hrain 
abscess. 

In a personal case there was a large subdural empyema betvvwj 
ttic occipital lobes although the infixlion had un'gitMtL-d in the front.)! 
Slims. Apparently t!ie purulent exudate had gravitated toward the 
occiput, owing to the reciimhent jKisition of tlie patient. 

In otogenous infections the lateral sinus is always primarily In* 
voUed. From the lateral sintis the infection slowly creeps into the 
longitudinal sinus, and several weeks or even months may elapse 
before a thrombus forms in the longitudinal sinus. It can reason* 
ably be assumed that the infection is not particularly vinilenl. 
If it were, the lateral sinus ibromboplilcbilis would cause menhi* 
gitis before arriving at the longitudinal sinus, or the infection 
would spread along the meningeal and cerebral veins from the 
longitudinal sinit.s into the meninges and lirain. Tliis dcK'S not 
occur. For this reason the outlook Is apparently more favondile 
than for rhinogeiious eases and. as in eavernons thrombosis, the 
course is more protracted than in rhinogenoiis cases, which usually 
mn a fnhninatiiig course. 

MITOM.XTULOOY 

In many eases (hroiniKisis of the superior longitudinal sinus 
does not c-aiisc .signififaiit syiiiplunis. In others, a tentative di.ig* 
nosis can lie made. 

Systemic .symp/oms.— The symptoms of septicemia arc usu- 
ally striking, particularly in cases of rliinogenons origin. !u cases of 
otitic origin the symptoms have minor diagnostic value since 
they may be t-.nis«l by either throinboplilelutis of the lateral 
sinus or longitudinal lliroinimsis. However, in infection of the 
frontal sinus or acute osteomyclilis of the skull the appe.ir.uicc of 
symptoms of septieeinU without those of cavemows tbromljosis 
justifies a tentative di.igi)osis of throiniKisis of the superior longi* 
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tudinal sinus. It should be kept in mind that a paranasal infection 
as well as an acute osteomyelitis may, rarely, cause septicemia 
witliout involvement of the dural sirtiises. 

Thrombosis of the superior longitudinal sinus, particularly of 
otitic origin, does not always cause the picket-fence type of fever 
characteristic of septicemia. The temperature may be only mod- 
erately raised, and fluctuations are not conclusive. High fever may 
not be present until terminal meningitis sets in. In other cases 
of otitic origin periods of normal temperature are followed by 
periods of higli fever, the cycle being repeated twice or even three 
times. In a few instances streptococci or staphylococci have been 
discovered in the blood. 

General braisi symptoms.— These are not uncommon in chil- 
dren but seldom occur in adults unless the meninges or brain is 
invaded. Papilledema seems to occur more frequently in ihrom- 
hnsis of the superior longitudinal sinus than in thrombophlebitis 
of the lateral sinus. 

Recently the opinion was advanced that the clinical syndrome 
of otitic hydrocephalus (p. 294) is sjanplomalic of longitudinal 
sinus thrombosis. Tlic hydrocephalus is believed to be caused 1)\ 
inactiv-ation of a sufiicicntly large proportion of arachnoid villi and 
by failure of normal absorption of cerebrospinal fluid. However, 
tlieie arc many reported cases, confirmed at autopsy, wliich pre- 
.sented neither internal nor external hydrocephalus. Other writers 
state that in the absence of meningitis, the early onset of apatliy 
and stupor In a patient m’lh evidence of thrombosis of t)je lateral 
sinus indicates infectious longitudinal sinus thrombosis, especially 
if there arc, in addition, papilledema and convulsions. 

Focol brain .sympfoms.— Many focal brain symptoms Iiavc 
been noted, including convulsions, hemiplegia rapid!}- ascending 
from the foot to tlie face, aphasia and Bahinski’s reflex. Since these 
S) mptoms arc not always present, they probably occur onlv- when 
the lliroinhosis extends into the superior parietal veins and thus 
interferes with the functinns of the motor eorte.x. 

Local extracranial symptoms.— Those symptoms apparently 
have great practical v’aliie if they develop in the early phase of 
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the infection. The superior longitudinal sinus anastomoses 
through the emissaria with the veins of the scalp (p. 16). With 
the sinus thrombosed, the e^t^acran^al veins become involved 
cither by passive hv'pcrcmia or by infection. This causes, p.irlictt- 
larly in children, dilatation of llic veins of the scalp, edema of 
the scalp which may extend to the forehead or tender swelling of 
tlie skin always localized near the midline, either at the vertex 
or at the posterior portion of the longitudinal sinus. The swelling 
may contain pus, granulations or blood. A similar swelling at the 
same site may occur in acute osteomyelitis without longitudinal 
sinus thrombosis. Differential diagnosis is difficult because longi* 
tudinal sinus thrombosis may cause sccondaiy osteomyelitis which 
on the x*ray film simulates acute osleomyclitus of rhinogenous 
origin. However, differcntialion is not highly important because 
in cither condition the scalp abscess must be drained. 

Ear si/mptoiiiv.—Thrombosis of the superior longitudinal sinus 
may be associated with either acute or chronic otitis. In several 
cases mucosis otitis (p. 103) was die c;«»sc. Therefore there is 
no ear symptom indic-.iting longitudinal thromliosis. !<atcnl 
sinus thronibophlehitis with an c-xtrcmcK clnonic course, over 
sev eral months, is snggestiv e. 

Nauil stjnipioms.-ScYCTc infections of the frontal sinus or eth- 
moid, or both, are usual. Chronic sinusitis seems to cause longi- 
tudinal thrombosis more frequentb than do(*s acute sinusitis. 
However, the nasal findings arc not significant, 'flicv iR’coine 
more imjvortant when associated with septicemia, pain in the 
vcrte.\ and swelling of the scalp. Longitndmal sinus thromliosis 
has been notetl after minor endonasal operations such as resec- 
tion of the nasal septum and middle turbinate and ennteri/ation 
of the middle nasal meatus, particular]) in the presence of acute 
infection of the frontal Mints 

I'lux^wis 

The prognosis for rhinogenous longitudinal sinus lliromiKJsis is 
unfavorahlc. Despite radical Mirgerv the infection usually causes 
fatal meningitis. The effect of chemotherapy is not definitely es- 
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tablished. The outlook is more favorable for the otitic tv-pe. In 
fact, in several cases on record cure \\'as accomplished by surgery 
witliout chemotherapy and even without complete reinoral of 
the tJirombus. 


TREATMENT 

As in cavernous tlsrombosis, there is no stand«ar(lized Ireiil- 
ment of thrombosis of the superior longitudinal sinus. Further- 
more, llic condition is so uncommon that a surgeon scarcely can 
gain enough experience for proper evaluation of treatment. The 
following general comments may be helpful. In all instances of 
rliinogenous longitudinal sinus thrombosis cliemotherapy and 
blood transfusions must be tried first. Surgery should be under- 
taken if conserv’alivc treatment fails, if the infection of tlie para- 
nasal sinuses requires surgery or if there is osteomyelitis, either pro- 
gressive or self-limiting. If there is rhinogenous osteomyelitis and 
the longitudinal sinus must be exposed near the site of the infec- 
tion, die bone must be removed until normal bone is readied re- 
gardless of whellicr tlic dura is normal or not. This dtiFers from 
the procedure in lateral sinus tliromboplilcbllis, in whidi tlie 
brain is protected l)y the thick layer of neck muscles wlien a 
large part of the occipital squama is removed, whereas in longi- 
tudinal sinus thrombosis tlie brain is not protected when bone is 
removed. FurUiermorc, in lateral sinus throinbophlelhlis the sinus 
must be incised and the thrombus removed, hut in longitudinal 
sinus thrombosis it is often impossible to differentiate the sinus 
wlien there is marked external pachymeningitis beneath the 
frontal squama. Therefore all that can be done is to expose the 
external pachymeningitis bv sequestrectomy or removal of in- 
fected lione and leave the rest to cliemotherapy and other cou- 
.sers-ativo measures. After the operation the patient s head should 
he raised to prevent gravitation of pus toward the occiput. 

In longitudinal sinus thrombosis of otitic origin tlie opera- 
tion performed for thrombophlebitis of the lateral sinus must be 
continued toward the torcular and, eventually, toward the sault 
of the skull. Extcnsisc removal of the Imne of the vault is neither 
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advisable nor iiecessun-. Thu thrombus in the longitudinal sinus 
is likely to be marasinic, so it is not necessary to extend the opera- 
tion so far that free liemorrhage occurs from tlie periplierul part 
of the sinus. Wth subperiosteal abscesses at the vertex, the hone 
must be rcmoNcd at the site of the abscess and the rest of the 
longitudinal sinus left alone. 
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CKAPTEK FOUR 


Inflammatory Diseases of the 
Leptomeninges 


Le PTOM EN'I S’CITIS 

PATiK)r.nNESJs ANn PAT}iouK;y or pumolent mcmst.itjs 

Infection may cause purulent meningitis by three mechanisms: 
(1) infection by contiguity, (2) infection by contintiity, and 
(3) infection by injury. 

Infection btj continuity.— This is the common pathway in 
otitic meningitis and less usual in rhinogenons and phar)'ngea! 
tiienliigitis. Spread by contiguity (Fig. primarily causes an 
infeelioii of the dura and localized external pach}’meningitis“ 
wliich may involve a small or large area of the adjacent dura. 
Tiie infection travels through the dura and causes internal pachy- 
meningitis which by contiguity carries the infection into the 
leptomeninges. In the subarachnoid space the meningitis re- 
mains localized for a time but ultimately becomes diffuse if 
proper Ircalwcut uMt, instituted. This type of inCection occurs 
p.irticularly with elironic infections of Uic tympanic ca\’it)’ or 
paranasal sinuses. With acute luffammation, the meningitis usu- 
ally becomes manifest in the late stage of otitis or sinusitis. Tlfls 
is illustrated by case.s of meningitis which develop si.x to eight 
weeks after the onset of acute otitis, particidarly in aged inrlis'id- 
uals. 

In all cases of meningitis caused by infection by contiguity 
the following ohserx alions are of practical importance. ( 1 ) Tlicrc 

3*S 
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is tisually one portal or one priticipal portal of invasion. (2) At 
the portal of eiitrv there are osteitis and localized infection of 
the duni. (3) The portal of eiitrj' can usually be drained by siir- 
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gery. (4) If the portal of entry is properK drained, cxlension of 
the infection is nsiialU checked. 

A special t\pc of infection by contiguity occtirs when a brain 
herniation is invobiHl. As prcvionsly mcnlloncrl, brain hernia- 
tions are occasionally nolctl in the legmen tsnipani, marrow 
spaces sniTOunding the enslacliian tube and the cribriform plate. 
Ill several cases on record an actilc infection of a brain licnii-ilion 
was bclievitl to have cansed fulminating meningitis. Such cases 
are not common. 

Itifcclion hij conlinuittj.^Thc infection may travel along spo- 
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dfie patliuays which nm directly into the subarachnoid space 
wilhoul iin’olvemcnt of the dura, or it ma}' travel along tljc* 
anastomosing l)lood vessels toward the dura. Infections which 
travel along the internal auditor)' meatus (Fig. 16)> the arach- 
noid sheaths of the olfactory bundles 
(Fig. 58) and, in rare instances, along 
a patent craniopharyngeal canal (p. 

78) enter the subarachnoid space di- 
rectly, causing leptomeningitis without 
gross involvement of the dura. The 
cochlear aqueduct, also a specific path- 
w'ay, plaj's a minor role; it more fre- 
quently allows an infection to travel 
fiom tlie meninges to the inner ear, as 
in epidemic cerebrospinal meningitis, 
than vice versa. 

Common pathways arc the veins 
which run between the meninges and 
the pterygoid plexus and, particularly, 
the anastomosing blood vessels (Fig. 

57), which are well developed in early 
childhood and, though supposedly be- 
comiiig ohlilcrated in adults, frequently 
{>ersist in the walls of the paranasal 
.sinuses (Fig. 5) and incompletely pncii- 
matired temporal bones. Tlicsc blowl 
vessels arc considered responsible for 
the meningitis in the early phase of acute 
otitis or acute simis infections, pariicidarly in children and 
young persons. In fact, microscopic examinations have dem- 
onstrated septic thrombosis or periphlebitis of the anastomosing 
blood vessels in .sucli cases, and bacteria Iiavc been found in 
them. Tlicse c.xamlnatioris reveal only the pathway of infection 
from the mucosa to the dura; that from the dura to the suba- 
rachnoid space is largely hj’pollietical. One may infer that the 
Ihromboplilebilis of the blood vessels advances from the e.xtomal 
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into tlie Intcnial network of the dura and thence crosses the snlh 
dural space along the pial hlood \esst’1s which luiastoinose witli 
the iJilcnial network of the dura. Uy this means tlie infctlioii 
might travel from the mucosa to the pia-arachnoid without gross 
invoKement of the dura. 

Two arguments might be raised against this concept. Infants, 
ill whom there Is the greatest number of anastomosing hlootl ves- 
sels, should show an extremely high incidence of piinilcnt menin- 
gitis. In fact meningitis, both pundent and serous, is the most 
frequent intracranial complication in infants, hut the incidenc'c, 
particularly of pundent meningitis, is slight in comparison with 
that of otitis and rhinitis in this group. However, in infants the 
cuslachian lube provides natural drainage of pumlent exudate in 
tlic tympanic cavil)- and perforation of the dnim membrane puv 
\ ides additional drainage, so that retention of pus in the tympanic 
easlty is less likely in infants than in adults. Since in acute infoc* 
tions retention of pus is one of the most important causative fac' 
tors, it is conceivable that the incidence of pundent meningitis of 
otitic origin is not as high in early childhood as one would assume 
beeanse of tlie number of anastomosing blood vessels. Moreover, 
because of the complete or partial absence of pneumatic cells in 
the infant temporal bone, the aaitc infection of the mucosa is not 
as widespread as in the well pneumatized adult temporal Ixmc. 
Therefore the comparatively low inddence of purulent meningi- 
tis in soungsters is not a valid argument against the importance 
of the anastomosing hlood \c.ssels in the pathogenesis of meidii- 
gith. 

The scctmd argument against the importance of the anaslo- 
iiiosing hlootl vessels assumes that these vessels arc capillaries 
which c-aimol cany sufficient Isactcria to cause meningitis. ’Iliis. 
lioweser, is counterbalanced by the multitude of capillaries in- 
voUed. In temporal bones that are not well pncuinatizwl, the 
capillaries carry the infection Mmullaneously into the middle and 
posterior cranial fossae and toward the jugular Imlh. For this rea- 
son there is not just one portal of entr)’, ns in infections by con- 
tiguity, but rather seseral sites at which the meninges are at- 
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tacked by llic inicro-organisms. Tlicreforc localized meningitis 
does not develop before diffuse meningitis. This renders surgery 
less effective. In fact, all that can be achieved by surgery’ is drain- 
age of the punilent focus in the temporal bone or paranasal 
sinuses; surgical drainage of the pathways of infection is impos- 
sible. 

Although tlic importance of the anastomosing blootl vessels 
sljould not be questioned, the meningeal infection is not, as a nde, 
cau.serl c.\clusivel)’ by these blood vessels. Microscopic examina- 
tions reveal, in addition, minute spots of osteitis which favor in- 
fection by contiguity. Congenital dehiscences of the bone also 
occasionally have a role, although their importance is frequent!) 
exaggerated. In rhinogenous meningitis microscopic examination 
may reveal septic thromhophlolntis of the anastomosing blood 
vessels in the posterior wall of the frontal sinus or roof of the 
ethmoid and an additional infection of the fila olfactoria and 
osteomyelitis of the cribriform plate. However, these findings arc 
coincidental (except infections along the olfactory bundles), and 
the principal patlnvays arc the anastomosing blood vessels. 

Infection bij in/nri/.-Only injuries catised by surgical opera- 
tions are considered. Postoperative meningitis occurs with both 
atiral and nasal operations. In the ear, lu.xation of the stapes and 
injuries of the .semicircular canals and meninges are potential 
sources of meningitis. 

Luxation of the stapes may occur with paracentesis of the 
drum membrane, extraction of polyps in the tsTnpanic cavity and 
radical mastoid operations. Luxation causes severe clizzinc.ss and 
spoiiLincons nystagmus. These symptoms dmunish after several 
hovirs, and the future course depends on whcliicr or not the inner 
car I>ccomcs involved. If infection of the inner car occurs, it 
usually appears ssithin 12-48 hours after injury. Then dizziness 
and coarse nystagmus to the other side reappear, the patient is 
deaf on the involved side and fatal fulminating meningitis often 
follows h) a few days. The fulminating course is noted particularly 
s\hen luxation occurs during a radical mastoid operation. In tliesc ‘ 
cases the surgeon is not aware of having causwl a stapes liixalion 
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because, %vUb the patient under general anesthesu, neither tli//5- 
ness nor nystagmus is apparent. Hence the surgeon packs the 
inastoicl and t)inpunic ca\it\ with gauze, encouraging infcctiou 
of the inner ear. Tlie best means of preventing spread of infec- 
tion into the lalijTinth arc loose drainage of the Ijinpanomastoid 
ctivitv, iinmohilizjUion of the patient's head and, particularly, ndc- 
{{uato postoperathe chemotherapy. However, even uitlimil 
chemotherapy, st.ipc.s luxation caused by radical mastoid opera- 
tion is not necessarily follouctl by purulent labjTinlhitis and men- 
ingitis. 

A bilateral radical mastoid operation was done oti a girl ag«l 4. 
roUowing surgery she bccime deaf and mute, but the caloric test 
rcveakxl normal escitabihly of Imlb labj-rintbs. Ulicn she was 25 she 
dicil of septicemia subscf|ueiit to tonsillitis. Microscopic eumiiialiiin 
rescaled a fissure of tbo foot plate on one side. On llic oIIut side tlie 
stapes was tunicil ISO degrees, the head being directwl toward the 
inner ear. This sc\erc injur)' to the stapes had not been follouctl by 
piinilent labyrintlutis, .although cliemotberapy was not asailable at 
the time. 

In general, the outcome of these injuries depends largely on 
the type and virulence of the infection in the tympanic cavity. 

Tlic semicircular canals may lie injured during a simple or 
radical mastoid operation. Usimlly the horizontal semicircular 
canal i.s injured, rarely the posterior and exceptionally the su- 
perior semicircular canal Wlieii the horizontal semicircular canal 
is Injured the patient presents dizziness, nausea, nystagmus to the 
other side and iisu.ally facial p.in«l\sis iminetlialely after waking 
from the anesthesia. Tlic I.ih)Ttntlune symptoms gradually dis- 
appear in several weeks, and the facial paralysis improves after 
several weeks or montlis, txrcasionally after one to two years, if 
the ner\ e was not sei’crctl. Tlic final results arc deafness and non- 
excitability of the injiireil labyrinth. Meningitis is not common, 
although in cases of nincosis otitis it may develop several days 
or weeks after injury. 

Injuries of the dura may occur during any ojioration on the 
temporal bone. Tlicy occur parliailarly when tlie <lnra of the mid- 
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dlo criunal fossa bulges deeply into ibc antnim and the dura is 
elevated from tlic roof of the eiistacbinn tube or the posterior 
surface of the petrous hone» where it is firmly adherent to the 
bone and can easily he tom. Serious injur)’ may be caused when 
die dura is exposed and a small bone chip with sharp edges 
glides between the dura and the remaining bone plate. \Vlien 
the dnra alone is injured only a small amount of cerebrospinal 
ihnd escapes because tlio subdural space does not contain much 
fluid. If a large amount of fluid is noted it is likely that the 
araclinoid is also injured. Injur\' of the dura followed- by men- 
ingitis ro(]uircs a guarded prognosis. However, this complication 
is not common, the meningeal infection usually remaining loeal- 
jyed even without chemotherapy. Some surgeons advise enlarge- 
ment of the opening in tlie dura by an incision so that the brain 
may bulge into the opeiuug and close it tightly. Sucli an incision 
sliould be made if the dura Is injured by a sharp curct or drill, 
which causes wounds with ragged margins and often penetrates 
deeply, occasionally injuring even the cerebral cortex. A go\igc or 
chisel causes a wound with smooth margins w))icli soon closes, but 
a packing of the wound must be strictly avoided, as after injuries 
of the labyrinth, Tlie outcome of these injuries depends princi- 
pally on the vinilencc of the infection in the l)Tnpanic cavity but, 
in general, is favorable. 

A peculiar type of surgical injur)' of the dura dcserx'cs men- 
tion. If a simple mastoid operation advances toward the pcrisimis 
cells in llic superior petrosal a?»gle lljerc is occasional!)’ oljser^’ed 
a pneumatic cell in front of, or behind, the lateral sinus contain- 
ing what seems to he granulations originating from the cell wall. 
From these granulations a fluid escapes which has tl»e appear- 
ance of w’ater mixed with blood. After careful removal of the 
granulations a small area of the dura is noted, and from this 
exposed area cerebrospinal fluid escapes witli pulsating rhythm. 
If more of the dura is exposed by rcmo%’aI of bone, it is found 
to be Very lliin, slightly bulged and bluish, and close to the sinus 
arc one or (wo holes in the dura (hrougli W’hich cerebrospinal 
fluid cscapc.s. TIic holes are the si7c of a pinhead and their mar- 
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gins sliarjj. Alllioiigli no microscopic specimens arc availalilo, I 
l)clievp that these findings are due to arachnoid villi wliich o«'ur 
not inlreqttenlly on both sides of the lateral simis (Fig. 12). Tlie 
\ilU perforate the dura and bone and thus come in contact with 
the mucosa of llie mastoid cxlls, or with granulation tissue if 
there is mastoiditis. During a mastoid operation the mechanical 
concussion loosens the connection of the villi with the rest of the 
arachnoid and opens the siibaraelinoid space, allowing the out- 
flow of cerebrospinal fluid. If tbc granulation tissue or inflamed 
mucosa of the mastoid cells is removed, the villi arc also removed, 
no matter how carefully the operation is perfonned. iMien tlie 
araclmoid villi are removed, the opening in the dura that has 
allowed protrusion of the villi can l>c noticed. Tlie dura is alwaj's 
thin in lids area and so gives way to cerebrospinal fluid pressure 
and bulges. TIic bluisli color b due to ll)c underlying hlood scs* 
sels of the pia-nrachnoid. I have seen two cases of this unalomic 
t)pe. both patients recovered, allliougli one liad additional surgi- 
cal injury of the sinus and cr)'sipelas. This patient was treated 
with pronlosil, and the other recovered without cliemothcrapy. 

All types of extra- and endonasal operations on the frontal, 
ethmoid and sphenoid sinuses occasionally cause meningitis. In ex- 
ternal operations on frontal and ethmoid sinuses the course after 
injur)' of the dura is csscnliallv the same as that after injuries 
during a !n.isloid operation. Meningitis after endona.sal opera- 
tions is more common. Some statistics indicate that among the 
dentils due to paranasal infections over 70 per cent occur after 
surgery, whereas among deaths due to car infections only 1.7 jht 
cent are postoperative. The following endonasal operations should 
he mentioiK'd: resection of a deviated septum, e.xlraclion of nas.il 
po!\ps, endonasal ethmoid and sphenoid operation, resection of 
the middle turbinate, lavage of the frontal sinus and endonasal 
frontal sinus operation Although tlic incidence of meningitis is 
small as comparerl with the frequency of these procedures, almost 
every- rliinologist lias met with such complications. 

Meningitis sulwctjuent to endonasal surgery' may he caused 
by (1) fracture of the ertbrifonu plate, (2) infection of the 
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slicatiis of tlic olfactory binulles or (3) acute infection or acute 
oNaccihation of a chronic infection of the paranasal sinuses. 

Fractures of the crilirifomi plate are ditcct or indirect. They 
are direct if the surgeon perforates the plate witli an instniment, 
and indirect wlien tlic surgicid removal or fracture of an osseous 
plate in the nasal cavity involves the cribriform plate. Direct frac- 
lures are most often due to lavage of tlie frontal sinus, infranas.il 
frontal sinns operation and endonasal ethmoid or .sphenoid opera- 
tions. In frontal sinns operations the injury is clue to poor technic 
whereby the probe, cannula or other instrument is pushed (usu- 
ally with considerable force) through the cribriform plate in- 
stead of into the nasofrontal duct. The result is fulminating men- 
ingitis. The following case illustrates the fulminating course and 
Oie inadequacy of the sulfonamides in sucli cases. 

A young girl had pansinusitis on the right, with swelling around 
the right eye. A physician, apparently not well acquainted wltlv the 
anatomy of the sinuses, attempted to puncture the frontal sinus by 
pushing a cannula through the hontal process of tiie right masilla into 
the sinus. Immediately after this proc^urc meningeal symptoms ap- 
peared. Sulfonamides were administered and she seemed to impiow. 
hut three weeks later, when hospitalized, she was unconscious and 
there was hemiparesis on tlie left. Tlie neurosurgeon openetl the .skull 
and dura at several sites in the right parietal and occipital areas and 
discovered pus under the dura. IVIien I saw the patient in consultation 
the condition seemed hopeless. On the urging of the neurosurgeon, 
both frontal sinuses were opeired. Tlierc was a little pus in the sinuses 
and the posterior walls were normal, but the soft tissue in the area of 
the right supraorbital arch was necrotic. The following day the patient 
d/e*d. Autopsy revca/cd Jneniiigi/is at the canwxtty of the hnuis, m.wy 
lhronil>osed pial vessels and perforation of the right cribriform plate. 

In intranasal frontal sinus operations the liazard is increased, 
altliough not all fatalities are recorded. In endonasal ethmoid op- 
erations the incidence of postoperative meningitis is compara- 
tively high, 33 per cent of all cases of postoperative meningitis 
after endonasal surgery having been allrihuted to ethmoid opera- 
tions. Consequently, if autopsy discloses defects in the roof of 
the ethmoid or in tlic cribrifonn plate (Fig. 6-5, p. 312), the diag- 
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nosis of congenital dehiscence or osteitis should he made onh 
after thorough microscopic cxainiiiatiou, particularly if an clli- 
moid operation had been perfonncrl. The site of injurj' is usually 
the roof of the anterior cthmokh and infrequently the roof of 
the posterior ethmoid. Tlie roof of the ethmoid is either on the 
same level as, or higher than, the cribrifomi plate. For the sur- 
geon, the insertion of the middle turbinate indicates the hoiind.iry 
between the cribriform plate and the roof of the ethmoid {Fig 
23). Mesial to the middle turbinate is the crihrifonn phtle ssilh 
the foramina and lateral to it is tlic roof of the ethmoid, ^fan^pll■ 
lations in the superior n.isal meatus, i.c., mesial to the midclle 
turbinate, must be performed with great care to avoid injury of 
the cribriform plate. The danger zone may extend beyond the 
insertion of the middle turbinate when, occasionally, the most 
mesial portion of the ethmoid roof, i.c., the area lateral to the 
middle turbinate, also presents foramina (p. 73). Tliis anomaly 
renders an ethmoid operation hazardous even though the surgi.'on 
keeps strictly lateral to the middle turbinate. Tlie risk increases 
vsheu the ethmoid roof is low and presents congenital dehiscences, 
leading to inadvertent removal of the roof nnd cxjjosure of the 
dura. 

Jieports do not always indicate whether the cthinotd rwf 
or CTibrifomi plate was injurcrl, although the prognosis for these 
injuries differs cwisidcrahly. If the ctlnnoid roof is injured the 
adjacent dura may or may not lie injured; if the cribriform plate 
is injiircil the dura is always iiijiirc'd. Simple e.xposurc of the dura 
does not necessarily cause meningitLs if the nasal cavity is not 
packctl and chctnoUierapy is given. The otitlook is less favorable 
when both ethmoid roof ami dura are perforated by a blunt in- 
stmment and cerebrospinal fluid esc;ipcs or when the crihrifonn 
pLile is injured. Rarely, meningitis docs not follow; sonielinies it 
develops several weeks or montlis later from a common cold ami 
not from the injury, and exceptionally the injviry causes an intiT- 
miltenl type of meningitis However, the usual .sequel is fuliiiiiut- 
ing, rapidly fatal meningitis which develops within 2-i hours. The 
value of cliemothcmpy Is not provctl, although I saw one e.isc 
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willi recovery after sulfonamide tlierap). However, in tins case 
the cerebrospinal fhikl showetl an increased cell and protein 
content but no bacteria. Injuries of the cribrifonn plate during 
an endonasal sphenoid operation are not common because splie- 
noid snrgcrj' is not frcrjuently pcrforme<l. 

Indirect fractures of the cribriform plate may be caused b)' 



Fki. 59.— Left, section t{iruuf(t> roof of Irfl noslii! Lm. cribriform pl.itc. 
CC, cristJ S'g, superior nasal meatus, S’, inHametl mucosa of superior nasal 
meatus; O, oUatlory grine, <i, olfactor> none BWrs alune wibnform plate, 
a,, vlfiitlory vene fibers Ix-bne the cnhifnmt pJaio ml)i penneuraJ infillralJon. 
Tbc slicaths of llio iicne fillers nre filled with purulent ctudalc. IliRfit, one olfac- 
(or) filler, note Ieiikoc)1c infiltration m porinniral sbeath and licfwccn ner\c 
liUrs. .S, airpiis arenaccum. 

resection of the nasal septum or the middle turbinate. During 
.".eplnm resection a fracture ma)' occur if the surgeon removes 
the peq^endienJar plate up to its insertion on the roof of the 
nose. Tins is rare. Fractures of the cribriform plate during resec- 
tion of the middle turbinate arc less rare, although the fracture 
is not always indirect. Frequently it is a direct fracture catised 
by pushing the concholomc through the cribriform plate. In tliese 
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instances meningitis sets in witliiii 2A hours and is fulnnnating 

Infections of the sheaths of the olfactors' hnndles (Fig. 59) 
may occur (htdng resection of the nasal se]>lum and {jceas/oualh 
during resection of the middle turbinate and extraction of pol)'ps. 
In septum resections which cause a septal abscess or wliicli re- 
quire forcible packing to arrest a hemorrhage, infection of llie 
ner\c sheaths is conceivable. However, in some cases on record 
the patients died of meningitis from infection of the nerve 
sheaths although the operation was uneventful. The meningitis 
does not appear until after the second day, .so that chemotherapy 
m.ay 1)e administered with benefit. After resection of the middle 
truhinatc, an infectiotr of the nerxe sheaths should he assumed if 
the crihrifonn plate was not fractured and if the inenhigills does 
not develop witlun the first 24 hours. 

Meningitis following extraction of nasal polyps is not tincom* 
mon, altlioirgh not ah cases arc rcconletl, The patliologie process 
is apparently not uniform. When polyps are removed witli a 
conchotomc from the roof of tlic ethmoid or from the superior 
nasal meattis, a fracture of the crihrifonn plate is usually tlie 
caitse of meningitis. \Mien jrolj'ps are removed with the cold 
snare from the middle meatas, a chronic sinus infection ma) 
Hare up, particularly if the endouas.d operation did not aclucxc 
satisfactory drainage of the involved sinus. Itetcnlion of pus iu 
the sinus in tuni causes the chronic sinus infection to extend 
toward the meninges. The following case may he c-onsiderod 
typical. 

A man, agiil 30. presented himself nilh jwlyps filling the riglit 
nostril. Hctwix’ii the pidyps was creamy pns. Tlie left nostril was 
normal Tlie patient seemetf aciilelv ill. complained of severe 
uclie and had fever of 100 F. Tlie polyps were removed Iiy a rhinol- 
ogist and a kirge amount of pns escaped from the right iKistril. A 
famjxm was not mserted in the nose. Tlie sami' evening the Uinpcni- 
tnre rose to 102.2 F. and there w;u projeelilc vomiting. Stilfon.vinides 
vvm- not available at that lime. In the nc.xl few d.»ys the fev(T did 
not subside hnl tliere wtTe no definite meningeal symptoms and tlie 
cerebrospinal fluid was normaL X-ruy examination reveahxl pansiniisiti' 
on the right. Two days afhT extraction of the jxilyps the right fmnt.il. 
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ethmoid and sphenoid sinuses were opened. Tlie frontal sinus was 
small and Tilled with foul pus. lu the ethmoid and sphenoid sinuses 
were necrotic mucosa and pus, ami the anterior part of the lamina 
papyraccii was necrotic. The following clay, general improvement was 
noted, but three days after the operation meningitis was evident, the 
cerebrospinal fluid was cloudy but contained no bacteria and there 
was marled leulocytosis. Tlie dtira was exposed and appeared nonnal. 
Seven days after extraction of the polyps the patient died. 

At autopsy no pus was found in the sinuses and the left frontal 
sinus was small and normal. Tlie dural sinuses were normal. Tlierc was 
extensive meningitis at the convexity and the base of the left frontal 
lobe and above the left cerebellar hemisphere. Microscopic examina- 
tion reveided severe punilent inflammation of the mucosa in both 
superior nasal meati and purulent inflltration of the sheaths of the 
olfactory bundles on both sides (Fig- 59). There was no fracture of 
the cribrifonn plate. The meningitis was due not to injury of the cribri- 
form plate btit to infection of (he sheaths of the olfactory bundles. In 
retrospect, the evidence indicates that meningitis was impending 
before polyj) extmetinn, which simply caused an acute exacerbation of 
the chronic sinus infection. Owing to the exacerbation, the infection 
spre.'id rapidly into the nasal mucosa and sheaths of the olfactory 
bundles on both sides and, ultimately, into the meninges. Tlie crossed 
spread of infection, consisting of meningitis of the left cerebral hemi- 
sphere from an infection of paranasal sinuses on the right, is note- 
worthy. Other rhinologists have noted such a crossing, hut no ex- 
pl.uwtion has been given. In (his case slieaths of the olfactory bundles 
were involved on both sides, and whereas the infection on the right 
W. 1 S arri*st«l at the cribriform plate, perhaps owing to the operation, 
it invaded the meninges on the left side. 

Minor cndaural manipulations such as extraction of aural 
polyps and even irrigation of the tympanic cavity or examination 
with the probe may cause acute exacerbation of chronic otitis 
and stimulate impending meningitis or sinus thrombosis to 
a fulminating cotirse. Therefore, all cndaural procedures should 
he omitted wlien a radical mastoid or lah).Tinll3 operation is indi- 
cated. Braadly speaking, the same attitude is suggested in the 
care of p.aranas.al infections. However, in the latter the acute 
ex.accrbation is not its hazardous as in the tympanic cavity, unless 
associated vvitli retention of pus. 
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Infection may also spread if an endonasal operation is per- 
fonned in the presence; of an acute infection of a paranasal sinus 
and/or the nasal imicosa, especially when the operation does not 
aim at better drainage of the involved sinus. For example, in the 
presence of acute frontal sinusitis, resection of the middle lur- 
hinalc may relieve the patient hy improving the drainage of the 
insolved sinus. In the same case, septum resection alone would 
not necessarily improve the drainage and fulminating ineningUis 
might follow'. It is also hnz.irdous to perfonn several endonasal 
operations in rapid succession. All operations may he perfomictl 
at the same time, hut if the second operation must be delayed it 
should not be scheduled before the tissue, traumatized by the 
first operatum. is acle<]iutely hcalt'd. Investigations have provotl 
that in the ethmoid, the incrcasctl bacterial vinilencc caused by 
surgical trauma continues for almut 14 da\s. Some surgeons con* 
sider these precautionary measures supernuous, and I am aware 
that not in all instances of that type is an intracranial complication 
bound to occur. However, several cases on record denionstrale 
the hazards of endonasal o|)crations In the presence of acute in* 
nammation of the nose, ami since these operations are rarely of 
an emcrgenc) nature there Is no reason to take unnecessary risk. 

Any micro-organism capable of causing a pnrvdent infection 
in other parts of the bmly can also cause purulent meningllis. 
Both otitic and rhinogenous meningitis are usually t-aiised hj a 
single type of micro-organism, even when it originates in such a 
source as chronic otitis. Only ii» meningitis originating in sinus 
thrombosis, brain abscess <ir labyrinthitis arc several tyises of 
bacteria occasionally found in the s»d»aruchnold space. Usually 
streptococci', staphyfoeoc'Ci, pneuinococcf or mlTuen/.i bacif/i are 
discovered. Less frecpiently. Bacillus coli or anaerobic baelena 
such as Bacillus pyocyaneiis, proteus, Bacterium haeinoplnluin 
imicosum, Bacteroides hindiiliforniisand molds (acliiioinyccs) are 
the offenders. Anaerobic mfcclionv of the meninges occur almost 
exclusively with clirouic otitis. It must lie strongly empha.slml 
that iiifectioii.s of boih car and paranasal sinuses may be associ- 
atol with ineningococcic meningitis. Ulielher the meningococci 



l.r.PTOMENINfllTIS 


259 


eiilcT the menhigfs througl» the nasal cavity cannot be clcfinitciy 
stated. In tlicsc instances serotherapy is imperative. 

Regardless of whetJier the meningitis is caused b)' contiguil}’ 
or continuity, the infection nsnallv involves the base of the brain 
first. From tliis initial focus the organisms may he carried farther 
hy the cerehrospinal fluid or blood vessels of tlie pia, or both. 
Although there are no fixed routes for the spread of meningitis, 
certain ones are frequently noticed, \fcningitis originating in tlie 
posterior cranial fossa remains snhtcntorially for a comparativ'ely 
long thne, whereas meningitis originating in the middle or anterior 
cranial fossa, i.c., supratenlorially, invades tlie posterior fossa rap- 
idly. The cause of this variability in time of spread is not known, 
but it is one reason for tlie comparatively lietter prognosis for men- 
ingitis wliich originates in the posterior cranial fossa. From the 
base of the brain the purulent exudate extends over tl»c convexity 
of the iin’olvwl side and, occasionally, of the other side. Tlie 
exudate usually accumulates over the frontal and temporal lobes, 
tlie parietal lobes arc less involved and the occipital lobes almost 
not at all. In some instances of meningitis originating in the nasal 
cavity or tonsils the convexity of the brain is more involved tlian 
the base, owing to infection of the .superior longitudinal sinus 
which spreads tow’arcl the convexity. The same distribution is 
noted in the intennittent type of meningitis of otitic origin 
(p. 302), although the superior longitudinal sinus is not involved. 

The length of the course of fatal meningitis depends on the 
virulence of the infection. For this reason the autopsy findings 
differ consideralily. In some cases there is only hj-percmia of the 
pi.a-araclmoid and almost no frank pus at the base of the brain, 
but the cerebrospinal fluid contains a large amount of cells and 
protein but no bacteria. In others the entire brain is embedded 
in pus, although this is not common in olorhinopharyngcal men- 
ingitis. A third group may show only an accumulation of pus in 
the basal cisternae (Fig. 61, p. 28t), with the rest of the meninges 
nonn.al or slightly liypercmic. This condition is often incorrectly 
called localized meningitis. Tlie findings indicate not localized 
hnt diifuse meningitis, the spread of which was arrested by death 
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in an early stage. In genuine localized meningitis, there must k* 
e\idcnce of a tendenc) to a walling off of the inflanmullon In 
granulations or adhesions. 

Microscopically the onset of purulent meiilngitls is character- 
ized by fonnntion of a pnnilent exudate around the pial blood 
vessels. The exudate fdls the meshes of the araclmoid and arach- 
noid cisteniac. Ifcncc, at autopsy the pus cannot be wiped off the 
surface of the brain but can be displac-cd by pressure on the pi.v 
araebnnid. This obsersation permits differentiation of punilenl 
meningitis and subdural empyema. At autopsy, when the dura is 
rcmos'cd from the brain a large amount of pus will escape if there 
is subdural empyema, Iml no pus will escape if there is purulent 
meningitis because the pus is enclosed in tlie subarachnoid space. 

Even serons infection always involves the brain arul choroid 
plexus. Damage to the brain is due to pressure of the punileiit 
exudate whicli (lattens the cerebral gyri and particularly invobes 
the blood vessels and cerebrospinal fluid. Tlie inflammation usu- 
ally extends along the pial veins into the brain, causing cortical 
encvpbalitis ssbicb occasional!) Increases and forms small cortical 
abseessM. If the meningitis resolves, the cortical inflammation 
subsides without leaving scars or other gross changes of tlie cor- 
tex. Some otologists stress the encephalitis and me the tenn 
ineiiiiigocnc'cphalilis instead of meningitis. In my opinion the 
meningeal inflammation Is of greater importance than the cn- 
c-ephalitis in the clinical course and outcome, and therefore tlie 
term meningitis covers the palhologv more satisfactorib. 
Blanched areas are notetl in the cortex either near tlie site of 
meningeal infiltration or at a distance from the meninges. These 
areas aie caused Iw the disappearance of a large nnmher of nerve 
and glia cells, heliexed to be due to a disturbance of the loc.il 
lilood circulation. 

Since the elaboration, circulation, absorption and cbemic'.d 
constitution of the cerebrospinal fluid are altered by inciiingilis. 
the septic fluid is bound to act on the cerebral parenchyma. Tlie 
exact nature of the changes is not knouii, but it is certain that 
the fluid eaiisss mild cpciuUmitis gninularis. 
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The choroid plexus in meningitis has not been giv’en pro£>er 
attention. The plexns usually contains an e.xudate, although con- 
spicuous infiltration and necfosis are noted only in tuberculous 
meningitis. Usually an infiltration of the pacchionian bodies inter- 
feres with absorption of the cerebrospinal fluid, and often rupture 
of the pacchionian bodies permits escape of tlie fluid or purulent 
CMidalc into t!ie subdural space. 

TIjc meningeal infection may spread throng!) the internal 
auditory meatus to the inner car (Fig. 16, p. 39) on both 
sides, or on one side if the meningitis originated in the temporal 
hone of the opposite side. This causes serous labvn'jithitis which 
resolves spontaneously if the meningitis is cured, in contrast with 
t!)c findings in epidemic cerebrospinal meningitis, which aho may 
extend to the inner oar and often causes ptirnlent la))yTintbjtis and 
deafness or deaf-nnitism. 

Will) control of the meningitis llic purulent exudate in tlic 
sttbaruchnoid space is replaced by grantrlatiori liss’iic and, ulti- 
mately, by connective tissue scars. The scars seldom cause suh- 
urachnoid block, i.c., obliteration of the foramina of .\fageudfc 
and Luschka and/or the ccrehellomcdullar cistenia, and marked 
liydroccphalus hut may cause moderate hydrocephalus which 
docs not interfere with the patients mental activity. This opin- 
ion is based on clinical experience with children who became 
deaf-mute after cerebrospinal meningitis and who seldom ex- 
hil)lted cither marked hydrocephalus or a mental defect. 

PATilOOENnSIS ANI> PATIIOIAXIY OF SEHOUS ME.N'INfyTlS 

There is great confusion concerning the concept of serous 
meningitis, altrihntahlc largely to the perple.xing terminology. 
Some surgeons consider serous meningitis a clinical entity, using 
the terms acute hydroecphalns, otitic hydrocephahis, meningism, 
generalized cisternal arachnoiditis, collateral meningitis and sym- 
pallietic meningitis. Others insist that seroxjs meningitis is not a 
clinical entity jjut a preliminary' phase of purulent meningitis. 
Small wonder that sex'cral surgeons and neurologists have sug- 
gested that the diagnosi.s of serous meningitis l>e abandoned. The 
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following discussion is oifcrcd strictly from the standpoint of the 
otolarjTigologisl, although I am aw'are that serotis meningitis oc- 
entrs more frequently after injuries of the skull and after systemic 
infections tlian after infections of the car, nose and thrOiil. 

A discussion of serous meningitis must he based mainly on 
clinical csperience and results of \cntriculography or encephalog- 
raphy. Autopsy observations arc seldom available because the p.i- 
ticnls either recover or die of piindent complications. Neverthe- 
less, I believe that the term serous meningitis should not l)e 
abandoned providerl the present concept of serous inflamniation 
is applied to the definition of serous meningitis. On page -17 
it was emphasized that under norrnal circumstances fluid fillers 
into the tissue spaces from the arterial portion of the capillary 
bed, where b)drostatic prcsstire Is higher than osmotic pressure, 
and is reabsorln'd into the venous portion of tlio capillary l>i‘d, 
where osmotic prosstirc is higher than hvdrostatic pressure. This 
fluid c.vciiangc concenis all osmotically active substances In the 
bloo<l, except proteitis, to which the normal ca 2 )illaiy wall is im* 
penneablc. Serous inflammation is believed to be due to a cbiuigc 
in the permcabilitv of the capillary wall which, owing to llte in* 
fluence of bacterial toxins. Ijccoincs permeable to proteins. With 
this the osmotic pre.ssure of the blood decreases and tbe back- 
filtnilion of fluid from the tissues into tlic venous portion of the 
eapillaiy bed is liami>cred. and fluid txmlainitig proteins .aecuimi- 
lalcs between the parenchyma and tbe cap'dlarv bed. Tlie fluid 
inaj contain a few Iv mphoev les if permeabilitv is markesl. 

Serous inflammation may tcnniiiatc in (1) sponlaiieons cure. 
(2) change into pvmilcnt inflammation or (3) organization of the 
exudate. \Yitb .spontaneous cure, proteins in the tissues are carrietl 
away, probablj bv the Ivinphalics, the capillary wall regains nor- 
mal jvcrmc.abiUtv , osmotic pressure increases and back-filtralion 
Into the venous portion of the eapillarx- bed is re-established. 
There iiml not be gross changes in the lissnes, allhongh there 
may he microscopic foci of necrosis. In some cases the .serous 
CTtidate is tnuisfornicsl into connective tissue vvillioul passing 
through a punilcnt pliase and the seroius infl.anunation runs a 
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chronic course. It is evident, therefore, tliat serous inflammation 
is by no means invariably a forerunner of punilent inflammation. 

In the cranial cavity serous innammation of the meninges and 
brain is often caused by pachvTneningitis externa, periphlebitis 
of tlie lateral sinus or sinus thrombosis. In the aged, pacbvmenin- 
gitis and sinus thrombosis are rarely associated witli serous men- 
ingitis, but in children and young people this association is com- 
paratively common. The frequency of scrou.s meningitis from 
infections of the dural sinuses is base<l on tlirec factors. (!) Tlie 
infection of the dural sinuses extends readily into the meningeal 
and cerebral veins, which empty into the sinus (Fig. 43), caus- 
ing 2 Jurulcnt meningitis or encephalitis or a brain abscess. In 
some cases, jjerhaps owing to low grade virulence, only the 
walls of the venous capillaries become permeable, giving nsc to 
serous inflammation. (2) Sinus throml>osis interferes with the nor- 
mal flow of blood from the cerebral veins into the sinus, causing in- 
creased hydrostatic pressure in the cerebral veins and encourag- 
ing the exudation of fluid and protein into the tissues. ( 3 ) Granted 
that the cerebral \eins take part in the absorption of cercl)rospinal 
fluid, the increased venous pressure delays its absor 2 >tion. 

The occurrence of serous meningitis without infection of the 
dura or a dural sinus deserves mention. In sex oral reported cases 
serous meningitis originated in the tympanic cavity or sphenoid 
sinus without external i^achsTiicningitis or infection of the dural 
sinuses. Such cases arc not common and there are no autopsy 
records, so it cannot be stated whether a small focus of pachy- 
meiiijigitis or .sinus infection passtxl unnoticed at ojjcration. There 
is no anatomic jjroof of serous meningitis xvitliout infection of the 
dura. From the clinical point of wow, this is discussed later (p. 
2S7). 

Since the cerebral and meningeal veins freely anastomose, 
serous inflammation may cause both brain edema and accumula- 
tion of fluid ill the subarachnoid sjwcc, i.e., serous meningo- 
encephalitis. At tlie onset the sxTnptoms of inflammation are more 
conspiaious than those of inlracnuiial hxpertension; hence, the 
condition is called the inflammatory type of acute .serous menin- 
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gilis. Tills type may lie primarj* or secondary. It is primary when 
it originates in an infection of the Uinpanic cavity or paranasal 
sinuses without inter\'ening pach^ineningitis, sinus thromliosis 
or brain abscess and is sccondaiy when it originates in a liraiii 
abscess, localizcrl meningitis or, particularly, sinus tlirombosb. 
Recosers' usually follows suitable treatment (p. 297). Otlicrw'ise, 
adhesions fonn in the network of the arachnoid and between 
dura and pia-araclinoid. Tlie adhesions give rise to one or mulli- 
pie enc)sted collections of fluid in the subarachnoid space which 
act on the brain like tumors. Tlie fluid is partly cerebrospinal fluid 
and partly exudate from the blood x'esscls. This is the hypertenshe 
type of aaite serous meningitis. The dura is slightly bnlgwl, and 
on incision a gush of fluid escapes. The fluid is usually clear, like 
cerebrospinal fluid, or is slightly hemorrhagic. When the fluid 
lias escaped the cerebral cortex appears to be edematous and 
the pial vessels arc dilated. 

This concept implies that the hypertenslxe phase is alwajs 
prcccdesl by the inflammalor)’ state, and in many cases the con- 
version of the inflammatory phase into the hypertensive pliase 
can be noted clinically. In oilier cases, first obscrvesl in tlic h)pcr' 
tensive phase, an exact luslor) will di.sclose sjmiploms of the in* 
Hanimaloiy phase at the onset of the illness. In a third group the 
symptoms of the prccctling inflammatory pha.se are apparenllx 
absent, p.ulicularly when the Inpcrtcnsivc pb.ase is caused b) 
surgical obliteration of the lateral sinus and ligation of the in* 
lerxial jugular vein. In these cases the svanploms arc probahly ol»- 
sciired by those of sinus lliroinliosis. Instances of a hypertensive 
phase without prccixUng infl.aimnalor\’ phase and w ithout precc<l- 
ing sinus thrombosis rcinniti problematic, but certainly are not 
common. 

The clinical symptoms suggest that serous meningitis of ()li>- 
rltinogeiious origin most frwjuciUlv involxcs the convexity of 
the temporal, parietal or frontal lolws and less freijucntly the 
cerebellar hemispheres and l>.isc of the brain. This is conceivalile 
if the meningitis originates in an infection of the tympanic cavitv 
or paranasal sinuses. It is less concehahlc if the meningitis origi* 
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naics in lljronibopIiJcbilis of the latonil sinus, in wljjch case one 
would expect the meningitis to 1/e localizetl in the posterior 
craiiml fossa. Occasionally a colection of fluid is noted between the 
involved sinus and the cerel)eUar hemisphere, but more often the 
meningitis is localized in the region of the temporal and parietal 
lobes of the involved side. This involvement of the middle cranial 
fossa in otorhinogenous serous meningitis is in contrast with a simi- 
lar infection, called generalized c}'slic arachnoiditis. In this con- 
dition the araclinoid is thickened and grayish, owing to increased 
connective tissue and formation of arachnoid pseiidocysts. The 
arachnoid cistemae, particularly those of the posterior cranial 
fossa, may he enlarged. Although infections of the ear and para- 
nasal sinuses arc frccpiently mentioned in the etiology of this type 
of arachnoiditis, I consider them incidental and certainly not 
common, since generalized cystic arachnoiditis involves especially 
tlie posterior fossa and base of the brain, wliereas otorhinogenous 
.serous meningitis is usually localized in t)je middle or anterior 
fossa. 

Tlie inflainmator)' phase occasionally turns into punslent 
meningitis, hut tiie hypertensive phase never docs. It is usually 
cured hy moa.surcs instituted to release the liypertension of the 
brain and save the function of the optic nerve. 

rATIIOCF.NE.SlS AND I’ATItOI.OCV OF TUnF.RCULOUS MENINCITIS 

Allliougl) tnljcrciilosis of the nasal and paranasal mneosa is 
c.xlrcmcly rare, tuberculosis of the t)Tnpanic cavity and inner car 
is not uncommon. Diagnosis is often made only by microscopic 
examination. It usually ins'olvcs the osseous wTiIfs and ads'ances 
to the dura, causing tuberctilous pachymeningitis. In such cases 
the dura presents tumors which may reach the size of a hazelnut 
and consist of caseous or fibrocaseous tissue. The tumors grow 
slowly and cause either no s)Tnptoms or s)mptoms of brain tumor. 
Usually they do not involve the leptomeninges. 

There are two concepts of pathogenesis of tuberculous lepto- 
meningitis: (1) that tubercnlmis meningitis is caused by dissem- 
ination of Koclis bacilli in the blood, and (2) lli.at it is c.msed 
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by a tnl)erctiloma of the pia, choroid plexus, brain or adjacent 
bone wbicli involves the spinal fltiid in the subarachnoid space 
or ventricles, causin'' tul>ercniIous meningitis. In tuberculosis of 
the temporal bone or paranasal sinuses localized tubcrcniovis 
ineningitLs inav develop first, since the tuberculosis advanci's 
Nciy’ .slouly from the temporal bone into the dura, then into tlic 
leptomeninges and, finally, into the bniin. The localized menin* 
gitis ina\ be the source of the generalized fonn. Such instances 
are rare, although I base seen two casc.s. 

In one case the ttdHTcnIous hitiiors liad penetrated through the 
tegnien tyrnpani and dura and invaded the occipital lohe. Clinical 
diagnosis was c-erebral ap<>plcty. In the second cise the tympmic 
cavity vvnis not grossly involved, but (nbcreulous osteomyelitis of the 
petrous hone had involved the dura of the posterior cranial fossa, the 
Inner ear on both sides and the cerehclltnn. Clmfcal diapiosis was 
ccrchellopoulile angle tumor- 

In most cases of tuberculosis of the tympanic cavity or 
ethmoid associated with tuircrculous meningitis, both diseaw 
are caused by a lieniatogenous infection from tuberculous foci 
elsewhere in the body which involves the t\mpanic or ethmoid 
cavity and meninges simultaneously or successively. There Ls 
no reason to suppose that tulrcrcnlosis of the middle car or para* 
nasal simises is a source of a blood stream infection. This would 
bo possible only if one of the dural sinuses were involved, and 
Uiberculnsis of tbe dural sinuses is so rare that from a practical 
point of V iew it does not rcr|uire consideration. 

OccavionalK tuberctdotis inciiingitis is canscil by what seems 
to be orsUnars acute otitis, privicipaUv in cbildrcn. Some otolo- 
gists even stale tbal In childboosi the association of ordinary acute 
otitis and tnhoreulous iiicningitis is more common tlian that of 
acute otitis and purulent mciiingilis. Tliis statement should not 
Ih* generall'/ed: it depends largelv on the Incidence of lul>ercii- 
losis in the particular comnninih. The jxilliogcnesis is not clear. 
Ac*cording to one thcor>’, tiilKTciilosis of the tympanic cav ilv 
may cause svmptoms of acute otitis, and the infection enters the 
vvidls of the carotid arterA' ht the carotid canal and thus is car* 
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ricd to the meninges and brain. Other obser\‘ers suggest that the 
acute otitis is actually a streptococcus infection and that the 
tuberculous meningitis does not originate in the car but is caused 
I>y miliars’ ttiI)crctilosts. 

As tnlicrculous meningitis might l>e associated with what 
scenjs to be common acute otitis, so miglit purulent meningitis be 
associated with dcfinilclv tiil>erc)ilous otitis. Tbc latter condition 
is Jiot rare, nor is it inconceivable, since in esery case of tuber- 
culous otitis tlierc is an additional coccus infection which might 
invade the meninges. 

In seveial cases on record tubcrcnlons meningitis followed 
surgor)' for tuberculous mastoiditis, hibcrcttlosis of the nose or 
tulicrculous adenoids or tonsils. Hcgarding the ear and nose, post* 
opcialivc tuberculous meningitis occurs only when there is ad* 
vanced tuberculosis in the body. Therefore the indication for sur* 
gerj’ for tubcrctilous infections of the car or nose depends entirely 
on the findings elsewhere: if there is advanced tuberculosis sur- 
gery shoiild not be performed. Tuberculosis of tonsils and ad- 
etioids is not uncommon, and tuberculous infection of the blood 
lias licen note<l after operation on infected tonsils and adenoids, 
but postoperative tuberculous meningitis is extremely rare. 

Of least importance is the lymphatic pathway which, excep- 
tionally, carries the infection from the car to the meninges. A few 
fase.s on record indicate that hilxyrciilosis may .spread along the 
sheaths of the facial nerve or tlie internal auditorv meatus into 
(he Icptomcningcs. 

Grosslv tuberculous meningitis is characterized by a grayish 
or giccnish ewulalo filling the subarachnoid space at the base of 
the brain and e.xtending from the optic chiasma to the pons. 
From the base the exudate extends especially along the syl\ian 
fissure and central gyms toward the convexity. Small caseous 
notlulos are seen in the depth of the g\Ti. The exudate may extend 
toward the medulla or .spinal cord and often involves the sheaths 
of one or sesernl cranial ncrx'cs. It Is almost alvs-ays found in tlie 
area of the superior x'cnncs. 'Wie choroid plexus is lijperemic and 
may contain exudate, Kochs bacilli and/or tubercles. Tlie spinal 
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(Itild Ls clear or .slightly cloudv aiul the amount is inereaswl. The 
ventricles are more or less dilated, the cpcnclvnia of the Nen- 
tricles inav present small nodules and there is definite edenu of 
the brain. 

As in purulent meningitis, the cerebral cortex is involved. 
Lymphoid and plasma cells and leuVocytes invade the brain 
along the pial vessels, or the plal infiltration extends directly, in- 
dependent of the blood vessels, into the cortex. The infiltrating 
cells mav form no<Uilcs which cx'cntualK undergo caseation. 

SY.xnrroMATOUKTY OF renuLKST Mi:xiNoms 

This discussion is conccnicd with the .ssTnptotns of purulent 
meningitis at the climax of the illness. Tlie symptoms of the initial 
stage and of the car and nose arc discussed later. 

Systemic syruploms.—T\te patient is acutely ill and show.s pro- 
gressive emaciation. There may Iw continuous high fever, start- 
ing xs-ith chills: often the temperature enrxe shows remis.sions or 
intermissions. Before death the rectal temperature may teach 
110.6 F. and, rarely, is snhnormal. Jn meningitis due to pncti- 
inococciis type III and in aged patients with diuhelcs the tem- 
perature max be only moderately elevated. The pulse rate is not 
characteristic, in favorable cases depending on the fever and in 
nnfavorahlc cases showing irregular iluctuations. In the initial 
stage and after recovery bradycardia may lie present. Projcclile 
vomiting is an important symptom. It mav or mav not be accom- 
panied by nau.sca, but in citlicr exent the patient is not reliexetl 
by xomiting Constipation is usual. The blood shows inarhcd 
Icuhocx toils xxith a more or less pronounced shift to the left, 
relatixe IxTuphopcnia and nbscnc'C of eosinophils and ex'entuallx 
of monocjles. Tlie sedimentation rate is usually high. Filiriiiogen 
and globulin cxjiitenls of the blood are increasi-d. There is occa- 
sionally hcrjics fehrilis. 

General brain symptoms.— There are different states of excite- 
ment, jwrtieularly in adults. There mav he restlessness and 
sleeplessness, and as the condition adx-ances the patient becomes 
delirious and rcrjiiires restraint. In other cases there may Ik* 
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drowsiness and stupor, although the patient promptly responds 
to needle pricks or similar stimuli, occasionally murmurs unin- 
telligible words, gnashes his teeth and picks at the bed clothes, 
face, head or genitals. In other words, even in the stuporous stale 
there is alu’ays some restlessness, which is usually absent in a 
stupor caused Ijy a brain abscess. In children restlessness con- 
tinues for a shorter period than in adults, because children arc 
comparatively soon cxliausted. In the initial pliase there are peev- 
ishness, sullenness and whining. Hie child docs not play and sighs, 
yasMis, moans or hiccups. Later the restlessness increases, there 
is a hydrocephalic cry and short episodes of stupor and apathy 
progress to continuous stupor. 

Of utmost importance is headache, wliicli varies considerably 
in localization and intensity. It is always outstanding, even in the 
initial pliase of meningitis. Movements of ilie liead and optic or 
acoustic stimuli increase the licadache. Eyegrounds are and re- 
main normal in most cases, although intracrnnial pressure may he 
increased. Optic neuritis occurs occasionally, and papilledema 
rarely. Perhaps obliteration of the subarachnoid cliannels and 
sheaths of tlic optic nerve in the early phase prevents the cerebro- 
spinal fluid from flowing into tlie distal part of the ner\’e. 

Cerebrospinal fluid changes are only one symptom of menin- 
gitis. For this reason the diagnosis should not be based exclu- 
sively on such changes, particularly if repeated examinations are 
not feasible. Tlic fluid changes must always be related to the 
clinical findings. Since the pathologic changes at the base of the 
brain and lliose in the lumbar portion of tJic spinal cord are not 
necessarily lljc same, the fluid obtained by lumlwr puncture does 
not always offer dependable information concerning tlie cliangcs 
at the base of the brain. Nevertheless, certain observations are 
highly suggesth'c of purulent mcuingills. 

TIic prc.ssurc is incrcase<l, particularly in the initial phase, 
ami with tlie patient horizontal may rise to 400 mm. of water. 
Conspicuously low pressure .suggests a block either in the poste- 
rior crania! fossa or in the ccrx’ical portion of the spinal cord. Tliis 
diagnosis is confimied when the cerebrospinal fluid in the man- 
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omelcr does not show oscillations with pulse and respiration and 
pressure on the jugular veins docs not raise the fluid pressure. 
Marked opisthotonos interferes with the outflow of fluid and nia\ 
gi\ c a false impression of low pressure. 

Tlic cerebrospinal fluid is cloudy and occasionally Nellouisli 
(xanthochromic). Only in extremely toxic cases of purulent men- 
ingitis with death before the formation of frank p\is is the Haid 
clear. Cloudiness is particularly due to the increase of cells. A 
minimum of 300/ .3 to 500/3 cells in 1 cu. mm. causes visible 
cloudiness. In punilcnt meningitis the number of cells is nnicli 
greater and may be iinjrossihlc to count. The number of celK is 
about the same whether the cerebrospinal fluid is obtained In 
lumbar or by occipital puncture. If the fluid is collected in several 
test tubes, that in the first tubes contains more cells than that in 
the last tubv'S. H the proportion is rev cTscd, the prognmis for 
meningitis is believed to Ik.* nnfavorahle. The cells are lympho* 
cvtcs and polymorphonuclear leukocvtcs. The predominance of 
Innphocytes indicates a loss fulminating course but does not per- 
mit conclusions concerning the final outcome. The Ivmphoctlosis 
may be temporarv. The total protein c-ontent is increased to 150- 
3(X) mg. and more per 100 cc. Among the various tests, Paiitl) 5 
yields the most depcudahle results. In the initial phase the ah 
bumin content is greater than the globulin ctmleiil. l.vter the 
proportion may be reversed. A high globulin content asstxiated 
vvilli a small number of crlls and eventual discoloration (sjii- 
drome of Troin) nuv Ik* noted if the meniugllis causes ad- 
heslons in the subarachnoid space — suharaclmoid block — with 
stagnation of the cerebrospinal fluid. M'itb release of stagnation 
the total protein content n»a_v fall, proliablv accounting for the 
flucliialions in total protein cxnitcnt in meningitis The cxilloid 
reactions (gold sol. mastic) have no practical importance In 
diagnosis of punilent inetiingilis. 

Tlie glucose content in Iwth punilcnt and tuberculous menin- 
gitis falls liclovv -10 mg. per 10(1 cc. In severe cases glucose ma) 
disappear entirely. Tlie test for gluctise must 1 h* perfoniied sikki 
after spiii.il puncture, otlieruise the glucose content rlecreaves or 
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disappears. If recover)’ is likely the glucose content may rise; \vith 
11 new complication, for example, a brain abscess, it falls again. 
However, the fall in glucose content does not permit definite 
conclusions conceniing the prognosis because in some reported 
fatal cases of meningitis the decrease was not striking. Tlic re- 
duced glucose content is not related to the number or type of 
cells or total protein content of the cercbros^iinal fluid but is re- 
lated to the decrease of chlorides and to the glucose content of 
t))C blood. Normally tlie glucose content of the cerebrospinal 
fluid, particularly in tlje ventricles, is sliglitly increased with in- 
crease of glucose content of the blood. In meningitis more glucose 
passes into the ccrcljro.spina! fluid from the blood. Therefore tlic 
cerebrospinal fluid content may be misleading if glucose solutions 
have Ijccn administered. The glucose content may also be itJ- 
creased with subarachnoid block. 

The chloride content of the cerebrospinal fluid may fall below 
600 tug. per 100 cc. In meningitis. The cerebrospinal fluid and 
blood contain almost the same amount of chlorides, whereas nor- 
mally the chloride content of the cerebrospinal fluid is greater 
than that of the blood. The lactic acid content is increased in 
purulent meningitis, in both ccrclnospinal fluid and blood, the 
increase licing more striking in the former. The presence of lactic 
acid causes a decrease in alkali reserx’c and lowers the hydrogen 
ion concentration, the pll being 6.9-7.0 in punilent and 7.5 in tu- 
Ijcrculotts meningitis. Some authors report an increase of choline 
content of the c«rebrospinaI fluid in meningitis. 

IJacteriologic examination of the cerebrospinal fluid should be 
performed soon after the spinal puncture. A culture as well as a 
microscopic examination of the sedimont sliould l)e made because 
occasionally they yield conflicting results. Scarcli for anaeroI)ie 
l)acteria should not be forgotten, particularly in cases of choles- 
teatoma. Some surgeons hold that diffuse purulent meningitis can 
he diagnosed only if liacteria arc found in the cerebrospinal fluid. 
71us is correct in most cases but should not be generalized hc- 
eiuiso I, like otlicrs, have seen cases of otitic and rhinogono\is men- 
ingitis witiumt bacteria in the cerebrospinal fluid even one or 
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two daj's before death. Some statistics tndiciile that in 25 per cent 
of cases of otorhinogenoos meningitis tlie cerebrospinal fliikl re* 
mains free from bacteria. PaTlicidarly in ibinogenons meningith 
arc organisms lacking, or l>actcria arc seen in one specimen and 
not on subserjncnl o.xaminalions. In tnhcrculons meningitis bacilli 
are found in only 50 per cent of the cases, at most. It is possible 
that an infection of the tympanic cjoity or paranasal sinuses may 
he associated with idiopathic aseptic meningitis,' although I have 
ne\cr seen such a case. 

Cisternal instead of spinal puncture has been suggested Ik*- 
cause the cisterna cercbclloincdnllaris is nearer the base of the 
brain. I prefer spinal puncture. In several cases both spinal and 
occipital pimctiircs were performed, but the latter gave no ad- 
ditional information and usually ss-as more dilHcult because of nccl 
rigidity. A cistcnial puncture is nece.ssar)‘ in ctisc of subarach- 
noid block, wliicli may be locatcrl in the regiori of the foramina 
of Magendic and Luschka, in the cisterna cerehellomedularis-or 
somewhere in the spinal cord. In these cases ccTcbrospinal flukl 
from different parts of the spinal cord m.iy yield different results 
However, subarachnoid block is not common in otitic and rhi- 
nogonons meningitis. 

Symptom? of hjjienemitivUij.—VMnul'i with menitjgiUs show 
sasoinotor and pain reactions to stimuli wliich normally do not 
reach the threshold of pain sensation. Among the vasomotor re- 
actions, crjthcin.i and dennographisin arc important. In dermog- 
raphism, red lines appear when the finger-nail is druwi o\’er the 
skin. A typical ,s\mptoin of meningitis is hyperesthesia. The p.t- 
licnt is hs'persensllive to light and noises. Slight pricking, and 
occasiotKilly esen louchhig, of tlic skin tnnscs p,iin. The skin of 
the alKlomen and distinct areas of the skull are parllcularU 
sensitise. l’re.ssure on the cyebalU. retromandibular region and 

Udutpjlliic j\rp(ic nirttiiiptU iirfM-iils llii- clinical of inrninpti-<, 

"itli nurinl plrocjimlj ni«l itKTcw i»f alljumln In llic iTfptm>»pinal fl'nJ 1*“* 
nomut MipjT aiK? diltiridc and «i> PaticntJ tlo i«it irrm orutclj 

ill. TIictp N lr\rr ocil) at tin- and n<». or mild, lcntliH->tosU. TJk- mrnlition 
Invariably jiilnldrv In a fpw days, rmons of any ajp may lir nUrtlwL Tin.- tfiol'ff)' 
b titdnowii, imt llw raiiM- b i«it an infpcSltm of Uk- rar. ooy r-f tliro.il. 
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tlie zygoma and on die fontanels in infants elicits severe pain. 

i]fofor 4f/nip/onis oiirf regexes.— Jacksonian attacks, conjugate 
deviation of the eyes and twitching of the face muscles are more 
common in children than in adults. They occur particularly witli 
imolvement of tlio cerebral cortex of the convexity. Howe^’cr, 
they have also been noted in cases which at autopsy showed tlic 
principal accumulation of pus at the base of the brain and on))' 
active hj-peremia at the convexity. Cortical paralysis of the facial 
iicrN'e, paralysis of the extremities and motor aphasia occur, but 
are not common with otoriunogenous meningitis. 

Owing to irritation of the posterior roots of the spinal column 
abnormal reflexes and contractures may develop. Tlie most im- 
portant is rigidity of the neck. In llic incipient phase of meningitis 
there is stiffness of tlie neck, and the patient contracts l)is neck 
nutscics If an effort is made to bend his head forsvard or back- 
SN-ard, altliough rotating movements of the Iiead to the right and 
left can be performed. In advanced cases there is fixed opistho* 
tones and the entire spine becomes almost immobile. Spinal 
puncture, wliicli is rather difficult in this plmse, and removal of 
a large amount of fluid improves spinal rigidity only temporarily, 
if at all, Altliough rigidity of llie neck is rarely absent in otorhinog- 
enous meningitis, it is seldom as .striking as in mcningococcic 
meningitis, except when there is particular involvement of tlie 
posterior cranial fossa. Another contracture involves the alxlom- 
inal muscles. Tlie surface of the abdomen is deeply sunken under 
the costal arch and is boat-shaped (scaphoid abdomen). This 
is not ver)’ common with punilent meningitis. Particularly in 
children, contracture of the legs is frequently noted. Tlie legs arc 
flexed and pulled toward the chest. However, these contractures 
can be released, despite considerable resistance. 

Irritation of the posterior roots of the lumbosacral spine also 
increases the muscular reflexes, as iiidic-ated by the signs of Ker* 
nig. Lasegue and Hnidzinski. To test for Kemig’s sign, with the 
patient lying on liis hack the thigh is slowly or abniptly flexed on 
the trunk to a right angle. A reflex contracture of the hamstring 
muscles, not necessarily painful, causes resistance to this pro- 
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ct'dtire. Tlie same coiitracliirc is caused by raising llie patients 
trunk to form a right aJigle with the thighs. To lest for I^ascgiic's 
sign, the patient’s fool is graspctl with one hand, the other 
hand is placed on the knee ami, keeping tlic leg stiflly cxlendcil, 
the thigh is flexetl on the pels is. causing a severe pain in the hips 
or higher up in the course of the sciatic nerxe. The test for the 
neck sign of BrndzinskI consists in partial flexion of the hip and 
knee joints when the head is flexed passheK on the chest. The 
signs of Kemig and Lasegue arc not depcndahle if a spinal ptinc- 
ture was performed a short time l>cfore. 

The tendon reflexes are often increased in the initial phase of 
meningitis and diminislitxl in the adxanccd phase. Babinski’s re- 
Hex' and ankle clonus arc present in some citscs and absent in 
others. So also are the following: Edehnann’s reflex, consisting 
of dorsal fle.xion of the great toe xxhen tlie leg is bent at the hip 
joint while the knee joint Is extended; Gordon’s reflex (dorsal 
flexion of the great toe caused by pressure on tlie calf muscles); 
Oppenheim’s sign (dorsal flexion of the great toe cansctl h) 
stroking or scratching of the merlun or inner surface of the leg); 
Cliacldock’s sign (doisal flexion of the great toe cjuised by strok* 
ing of the skin over the external malleolus ); Binds shoulder sign 
( mox cment of the shoulder up and forxvard on forcible turning of 
head to the opposite side); Magiins-dc Kleyn’s sign (raising of 
the leg and ann on forcible turning of head to the opposite side). 
Some surgeons claim that the absence of Bahiiiski’s sign sug- 
gests a favorable prognosis. After spiiwl puncture the tendon 
reflexes iii.'ix disappear. In the temiinul phase the sphincters of 
the rectum and urethra iH’Comc paralmtl. 

Sijmptoms of the cranial ncn'cs.— In advanced cases the pupils 
change frcqnenlK in sire, one pupil lieing larger than the other. 
In the lenninal phase the pupils become enlarged and do not 
react to light. Tlicrc is occasionally parabsis of the nhduceih 
nerxe on the invohed side, sonictinies on the other side. Tills, 
houexer. Is more coiiimon in localized and serous meningitis than 
in diffuse pundent meningitis. Vertical lustagrnus indicates a 

• {UliiiiAi > ri (lev i< iHitjiU ikrfrd In fkjnoal inf.mtj tijt l.i 12-11 inoiitln 
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poor prognosis in belli meningitis and brain abscess. In one case 
of meningitis with vertical nystagmus Grabscheid discovered an 
extensive, almost symmetrical, deposit of lipoids in llie cells of 
Deiters’ nucleus on both sides. Symptoms of trigeminal nerve 
involvement are infrequent. 

All of these symptoms indicnite meningitis, but they do not 
permit definite conclusions concerning its localization, i.e,, 
U'hetlicr there is an accnmiilalion of pus at the base or at the 
convexity of tlic brain. 

rnoG.vosis ron rum/LtXT mexin'citis 

There arc few diseases in otolaryngologic practice for which 
the prognosis was so decisively improved by the introduction of 
sulfonamides and penicillin as purulent meningitis. Some sur- 
geons claim that since introduction of tlie sulfonamides the mor- 
tality rate has fallen from nearly 1(M) per cent (more exactly, 
60-70 per cent) to lictwcen 20 and 45 per cent. In my opinion 
these figures challenge some critical remarks. A review of the 
recent literature indicates that whereas the cases with recovery 
after chemotherapy were reported at length, little mention was 
made of cases fatal despite chemotherapy. Furthermore, the 
authors usually dealt with “meningitis," not considering that this 
is a collective term which includes swious types, i.e., typc.s with 
a good prognosis from the onset and typc.s for which the prog- 
nosis is e.\lrcmcly unfavorable. For the same reason, one cannot 
speak of the prognosis for laryngeal carcinoma in general terms, 
since tlic prognosis for a carcinoma of the vocal cords differs 
considerably from that for carcinoma involving the piriform sinus. 

To evaluate the efficiency of chemotherapy the principal fac- 
tors which inilucnce the prognosis for meningitis must be con- 
sidered. 

General pJiijsical coiidbion.—This depends on the patients 
age. In elderly patients invariably the prognosis must be guarded, 
cspeciallv when the cardiovascular system is involved, regard- 
less of wliether chemotberapj' is used or not. In youui* persons, 
particularly cbildrcn, the profftosh is more favorable, ns shown 
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in Figure 60. Etglit)*ihrec cases of meningitis from acute oliJij 
uere re\'ic%vcd. In all cases micro-organisms, partiailarly strep- 
tococci and pneiiniococciis t\pe 111, were louncl in tlie cerebro- 
spinal fluid. Forty-nine {Mtients were treated witli sulfonatniclcs 
and 3-} were not. Both cnrx'es present a peak in the age group 
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patients 

6-10 rears; /« other «ords, most frccpiently a cure was achicverl 
in patients between 6 and 10 \cars regardless of whetber chenio- 
tlierapy w.is used or not. Com|Miison of the cases treated with 
and without sulfonamides suggests that there is no difference in 
the results. Tliis conclusion, however, would not Im.* correct. Tlic 
cures achieved In adininistratioii of sulfonamides were reported 
during two vears, whereas those adueved without sulfonamide 
therapy were rcportetl over 39 sears. Tliis definitely proves the 
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elficicncy of tlic dnigs. Furthermore, after the tcntlr \ear of life 
the sulfonamide cune shows a gradual descent, whereas llic 
other curve falls rapidlv, indicating that the sulfonamides 
achieved a considerable numlier of cures in patients over 10 
years who could not have been saved without sulfonamide ther- 
apy. However, both curves stop at the age group 21-25 years, in- 
dicating that after the twenty-fifth year the sulfonamides do not 
materially improve the prognosis for meningitis dne to acute 
otitis. Perhaps penicillin will l>e more successful in the.se in- 
stances. 

S/rfli;j ond virulence of bacteria.— Cexiain strains of strepto- 
cocci do not respond to sulfonamides, and certain micro- 
organisms such as Bacillus coli and protctis are in all eircum- 
stances resistant to snlfonanndes. Often sulfonamide therapy fails 
in Infections due to pneumococeus type III, not onW because of 
a distinct resistance of the micro-organisms but also because ad- 
ministration of the dnfg is frequently delayed. In these cases tlie 
meningitis znay liavo a long latent period, until suddenly ful- 
minating meningitis appears. In some of these cases cure could 
probably be achievctl were the sulfonamides administerwl during 
the latent period. 

Incolvemenl of the bwm.— Tlie ultimate cause of death in 
meningitis i.s not known. In some cases pneumonia causes death; 
in other rare instances a blood stream infection may he responsi- 
lilc. '\Mien death is due neither to pneumonia nor to septicemia, 
the c'ausc must probably be sought in the hrain. llowevw, the 
ntarginal encephalitis (p. 260) associated with meningitis neither 
canses cleBnitc neurologic sy-mptonis nor threatens the patients 
life. Of greater importance may l»e (he brain edema. The theory 
lias been advanced that the increase of lactic acid causes a 
genuine acidosis of the cerebrospinal fiuid wliiclt is not compen- 
.satc-d and wliicli will kill the patient in a short time when it in- 
volves the blood. The acidosis and also the reduction of the 
alkali reserve of the cerebrospinal fluid act on the brain aful 
cause both local and general brain symptoms. Death is hclievwl 
to ensue from local acidosis of the brain if tlie acid-alkali balance 
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cjirmol he rcsloral. In agreement with tliis theory is the oliscna- 
tioii that the lowering of the alkali reser\c of the eerchrospina! 
flnicl points to an unfavxirahle prognosis. Also, cases of meningitis 
presenting a nuilliliide of .symptoms arc to he eonskleretl more 
serious than those showing only a fess' neurologic snnptoms. 

Pathogcucsi^ of mentng//iv.— If surgery is pcrfonnc<l at tlio 
proper time, all cases of purulent methngitis which pass through 
a phase ol localized meningitis have a more lavorahle outlooV 
than those which are more or lc.ss dtlFiise from the onset. In e-wes 
of the first type, if an operation is jx-rfonned while the meningitis 
is still localized, cure often follows even without chemotIuTapy. 
However, if .surgers’ is dehxetl until the localized mcningUls has 
]xissed into tJic diffuse stage, the outlook is poorer than in eases 
whicli arc diffuse from the onset. 

TUEATSSnsT ov Pl'IWI VtST MV-SUSClTtS 

Several decades ago Jansen stated that the first .s\inplom of 
meningitis is the last summons to operate. I adhere strictly to 
this dictum. However, Jansens statement does not answer the 
question of what to do when the first symptoms puss nniccog- 
nizesl and the patient first conics under ohsciA'ation presenting 
full-hlowm meningitis. Formerly an operation was performed on 
the temporal hones or paranasal sinuses, hnl experience has 
taught that the operation is of no Iwnefit and often seems to 
hasten <lcalh. For this reason, in cases of otitic or rhinogciious 
meningitis which have p.»ssed the initial phase it Is suggested 
that c-onsers’ative treatment l»e tried first. If the patient rcspoiuh 
fasorahly, the operation shouUl lie performed later. 

Cousers-ativc measures include antiseptic and supporlise 
treatment and drainage of the siiliamchnoul .space. TIic ndminu- 
Iralion of sulfonamides is discussetl on page IW. It Is essenli.ilh 
the same for tueningitis os for septicemia. Some surgeons advise 
intrathecal injection of the snlfonntnkles. However, 15 mimilc' 
after intrathecal injection large amounts of tlic drug are foiiiul in 
the hlootl. Thus, within the suharachiioid space, ahsorptiou pre* 
\-aiIs over diffusion, and the dnig acts only on the part of the 
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Spinal cord wlierc die injecHon >vas given, die action not extend- 
ing to the brain. Furthermore, if, in \itra, a sulfonamide is added 
to die cerebrospinal fluid in an amount equal to that found in the 
fluid after intratliecal injection, an increased bacteriostatic effect 
cannot be detected. Therefore in both meningitis and septicemia 
oral or intravenous administration of the sulfonamides is tlie 
method of choice. 

Although the sulfonamides (except sulfathiazolo) pass 
through the blood-bruin barrier, penicillin does not penetrate the 
subarachnoid space in apprecialdc amounts follosving intravenous 
or intramuscular administration. In normal subjects. 10,000- 

20.000 units of penicillin in 10 cc. of isotonic saline solution given 
intrathecally is slowly absorbed and slowly excreted in the urine. 
In patients witli meningitis both processes appear to be acceler- 
ated, altbougb not as much as wid» sulfonamides. Toxic sign.?, in- 
cluding hcadaclic, vomiting, increased intracranial prc.ssiiro and 
pleocytosis of the spinal fluid, have occasional!)’ followed the in- 
jection of 10,0(K) units into the subarachnoid .space. Nc\ erlbcless, 
In meningitis a minimum of 10,000 units in ph) sialogrc saline, in 
concentration of 1,000 units per cc., should be injected once or 
tssacc daily. Subsccpicnlly, 5,000-10,000 units per dose may be in- 
jected at intervals of 20-24 hours. Intramuscular injections up to 

200.000 units daily or intravenous injections should be given at 
the same time if necessar)’. Treatment is continued for two or 
llircc days or longer, as needed. 

rcnicillin and tlie sulfonamides can be given simultaneously, 
particukrly in certain mixed infections, since apparently the two 
ilmgs arc synergistic i« tbcrapcnlic action. Determination of 
proper dosage may be diflicult, for liard and fast rules do not 
exist. All depends on ibc seriousness of the case and the surgeon’s 
experience. Penicillin prophylaxis should be employed in all cases 
of otitis and sinus infections presenting vague symptoms of 
meningeal involvement before operation. Intramnscular injection 
of 10,000-120,000 units every four hours for two or three days will 
sufTice. 

Tlic injection of antiseptic gas (acetylene) into the subarach- 
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noid ijiacc did not prove successful. Tlie use of scrum and vacvinw 
was replaced In nuxleru chemotherapy. Only in pneunuK-occic 
infections, a type-specific autipneiiinococcus scrum ma\' he valu- 
able, sinee neither penicillin nor the sulfonamides act on pneu- 
mococci with uniform effectiveness. Siiflicient antipncnmococcus 
t\pe-specific rabbit scrum sliould be given to establish an cx- 
eess of antibodies in the circulation. To make certain, a 1:1,000 
dilution of the t\pc-spectfic polysaccharide in saline is injected 
intracutaneously. A wheal develops nt the site of the injection 
within 20 minutes if there is an adequate amount of circulating 
antibodies. 

It must he emphasized that cliemothcrapv acts prim.irily on 
the meningeal infection; its effectiveness on the infcclioix in the 
temporal hone or paranasal simiscs is less certain, Therefore, in a 
given case of meningitis, if cerebrospinal fluid findings improve, 
the final outcome still depends on the infection in the tcmjwrul 
bone or paranasal sinuses. If the infection tends to spontaneous 
cure or if it rcs^ionds to ebemolUerapy, dermile cure can reason* 
ably be expoctexl. However, if the infection in the tempoml bone 
or paranasal sinuses remains active, improvement of the meiiln* 
gitis may be only temporary. Tliis occurs particularly in adults or 
old persons. For this reason, chemotherapy has rcnderctl the task 
of the surgeon move difficult. Fonneriy, in all svich c;vscs an opera- 
tion was perfonned on the temporal bone or paranasal sinuses, 
but now (he surgeon must decide whether the infection in the 
temporal bone or paranasal siiiust's Is definitolv arrested or has 
passed into a temporary phase of latcncv. If tliis is impossible, it 
is safer to operate and then coulinuc with chemotherapy. 

As in scpticeinia, supportive Ircatmcnl (s essential, the pur- 
pose lK*ing to increase the fighting forces of the hotly and In avoid 
delivdration and brain etleina. TIic measures required to maintain 
resistance of the IkkIj and to combat dclndraliun and brain 
edema are discussed on page 175. 

In the past, and tx-c-avionally now, drainage of the subarach- 
noid space pl.'iu'd a considerable part In the treatment of menin- 
gitis. Various melhotls were omploved, such as incision of the 
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dura, frccjiient spinal punctures and occipital and ventricular 
punctures, but no convincing results were obtained. Drainage of 
the subarachnoid space seemed logical ( 1 ) to remove septic 
fluid from Uie brain and (2) to reduce pressure in the skull. This 
reasoning seems incorrect. Meningitis is, primarily, not a disease 
of llic spinal fluid but a disease of the leptomeninges and eventu- 
ally of the brain. Furthermore, the corcbro.spinal fluid is not an 
inflammatory exudate; rather, it dilutes the inflammatory exudate 
and, although not possessing marked bactericidal properties, is 
not a good culture medium for Iwcteria. For this reason, the re- 
moval of cerebrospinal fluid in meningitis cannot be compared 
with the evacuation of pus from a cavity in the body. 

A procedure based on an interesting theoretical concept is 
“forced drainage of the central nenous system.” This consists of 
administration of tvater by moitth or intravenous or subcutaneous 
injection of hypotonic saline .solution while allowing tlie free 
escape of cerebrospinal fluid. The purpose is physiologic lax-age 
of (he central ncrx'ous system and a partial washing-out of in- 
flammatory products from the depths of the tissues to tlie surface. 
Despite tljc ingenious concept, the method did not become popu- 
lar because of the danger of brain edema aiid discomfort to the 
patient. Moreover, a large amount of pus in the cerebrospinal 
fluid may block the needle and render the drainage impossible. 

Regarding reduction of pressure, it may be granted that pres- 
sure in the skull is decreased by spinal puncture and that the rela- 
tionship bctxvccn cerebrospinal fluid and blood pressures will be 
normalized, although there is no actual proof. However, the pri- 
Ki.in’ concent /n med/cal care of meningrtfs is not tlie prcsfiire t>f 
the cerebrospinal fluid but the increased pre.ssiire due to the brain 
edema. Tlterc is no evidence that drainage of the sultarachnoid 
space is more effective than by'perlonic solutions against brain 
edema. Incisions of the dura bax'c not proved more successful 
than repeated spinal punctures. Tlie incisions are closed rapidly 
cither by fibrinous extidale or by the formation of a small brain 
hentia at the .site of incision. Incision of tbe lateral pontile cis- 
tern is frequently followed by marked escape of fluid for several 
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days pro\’ided ihc labvTinth is surgically rcmo^•cd. If lliis lias not 
l>ccn done, ihis type of drainage of llic subarachnoid space is scl* 
doin efficient. Drainage of the subarachnoid spaa* was abaiidoacil 
by some burgeons N%ho elnim that it is definitely hannfnl by en- 
couraging the fonnation of adliesions in the subarachnoid sp.aa\ 

I believe, theoretically, that free ciradatioti of the ccrchn>- 
spinal fluid may be altered bv draining the subarachnoid space. 
For this reason, fluid which is withdrawn should be replaced by 
air. The technic is discussed on page 65. In tnenitigitis, 10-30 
cc. of cerebrospinal fluid i.s witlidnusni with the patient in sit- 
ting position. If the pressure is high the fluid is wjthdrasMi scry 
slowly, with control of pulse and hrciilhing. Air is then injected in 
an amount about 5 cc. less than that of cerebrospinal fluid with- 
drawn. Tlio puqioses of this treatment arc: (1) to make llic 
patient more comfortable tcm\X)rarily, i.c., to relieve the intense 
hcndaclie; (2) by air iiiflatioii to cause a sliglit leul^ocytosis of the 
fluid, which may increase the phagoevtosis of bacteria, and 
(3) to present eventual fonnation of atlliesions in the sub.ir.icli- 
nokl space. The procalure may be repeated. 

Otitk Menincitis 

The primary’ type of otitic meningitis may originate in n 
pundent infection of the Umpaiiomastoid cavity, labyrinlli, pueti- 
malic cells of the petrous lunre or the pneumatic cells of the 
malar process. Tlie secondars tvpe originates in a Minis throm- 
bosis, internal paebymenlngitis or brain abscess. Tlic low inci- 
dence of otitic meningitis originating in osteomyelitis of the 
temporal sijuaina inahes it of minor importance. 

Tlio secondary type is more common than tfie primary'. Not 
infrajucnlly meningitis c]inic.illv considcretl to he primary b 
actually secondary. Tlie following case is an inslnictive example 
and demonstrates the diflicitlu in classifsing olorbiiiogenoiis men- 
iugUls. 

A mail, agi'd 63. bad p.aiii and dimintition of bearing on tlie right- 
Tlie nest day scanty discliargc (ram tlie right ear was noletl atid pain 
and fescT jKTsisted. A ]>.ir.icnil(>sis was performetl. Tlie symptoms 



OTITIC MENTXCmS 


283 


and tJie patient became ill with what tvas considered to be 
grip. There was again discharge from the right ear and tlie tempera- 
ture rose to 102,2 F. daily. There was no headache, earache or svinp- 
toms of mastoiditis. Since the temperature did not subside and the dis- 
charge increased, he was hospitalized a month after onset of the ear 
infection. Dizziness, pain and chills were not present, but the stiperior 
posterior \sall of the external auditor)' canal on the right sagged and 
the temperature was 102.4 F. There w’ere slight jaundice of the shin 
and sclerae and pallor of the optic disks due to arteriosclerosis. A sim- 
ple mastoid operation rex’caled all cells filled witli pus and granula- 
tions. The sinus wall w’as normal, the dura of the middle cranial fossa 
was coicrcrl hy a fine la)’er of fibrin and the cerebrospinal finid did 
not contain bacteria and pressure w.i$ iionual. In the next 10 da)s 
Ihc temperature fluctuated between 97.3 F. in the morning and 103JJ F, 
in the exening. There W’ore no chills or meningeal sx'inptoms. but a 
large amount of pus escaped from the superior and jwsterior angles of 
the Ixiny eaxity, Babinski’s and Oppenheim’s signs were present on 
the right. Sulfonamides were not yet ax'ailahle. 

Tlic xxound was re-opened, and purulent exudate was discovered 
in a pneumatic coll in the petrosal angle, but the dura and sinus were 
normal. Tlic sinus was injured close to (he jugular bulb and blood 
escaped from the sinus. Tlie cerebrospinal fluid was hemorrhagic, 
did not contain bacteria and was under low' pressure. After the opera- 
tion meningitis appeared and 10 days later tlie patient died. Autopsv 
revealed diffuse punilent meningitis which was considered primarv’, 
i.e., to hax'e originated in the mastoiditis. However, microscopic exam- 
ination of the temporal bones proxed that die meningitis was sec- 
ondarj' to long-standing punilent throinliophlebilis of the jugular bulb 
w hich W’as not recogni/cd during life. 

Tlicrc arc three tx'pcs of otitic meiungitis: localized, serous 
and acute purulent. 

LOCAUZEP >rE.MNCmS 

Localized meningitis is a punilent inflammation of the lepto- 
meninges which is localized and rcinahn so for a long, indc- 
tenninale period of time. 

r<dhofogi/.— Localized meningitis occurs in (I) all infections 
which trax’el by contiguity, (2) all types of meningitis which 
originate in the posterior crania! fossa and (3) brain abscess, 
sinus thrombosis and internal pachxincningilis. 
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Among the infections which travel by contiguity, cholestea- 
toma of the tympanic cavity «ol infrequently cavises localizctl 
meningitis as long as there is no acute infection of the choles- 
teatoma. Among the t)pes of meningitis which originate in the 
jKwtcrior fossa, infection of the arachnoid cisteniac near the 
[K'lrotis apes, i.e., the pontile cistema and the cislerna of the 
gxsseriaii ganglion (Figs. 61 and 62), mns a peculiar course 



I'lr 01 — Lii.'ali/nt infntnpn «l <-tUpn>a pontb (A) .V 

iHr\v« r. W. nmUiU-v t>l>l>wK&U. < Mtft AU-x.^wter > 


(p. 260! Hie siilurachnoid spaces <ner the corchra! and erre- 
bcllar hemispheres coiilatn small cavities which soon become 
obliterated In aninectivc tissue, whereas the arachnoid cislernae 
at tin* base of the brain are large cavities wliiili may hold large 
quantities of purulent exudate Tlierefore incuiugitis loailizetl 
over the cerebral or cereliellar hcinisplieres may eventually tin- 
dergo spontaneous cure, as in brain abscess and. oc’casionally, i» 
sinus thmmlsosis. Dura, ataclinok! arid pia are Teplaccsl by a lltich 
membrane c-onsistmg of finii connective tissue which may contain 
foci of active inflammation Tlie inembmne is finnlv adherent to 
the ci'tebral or ceTcliellar etvrtex fFig. 61). Id an arachuoUl 



OTmC XfEN’INCms 


285 


cistema, liowevcr, tlic ainount of acctimulatccl pus is too great to 
bo replaced by connective tissue, and eislernal meningitis in- 
variably causes diffuse luenlngitis if surgical drainage is ineffec- 
tive. A localized infection of ibe pontile cistern is rarels caused 
by pnndent labyrinthitis or petrositis. 

.Sy;»;j/owr;/o/ogJ/. —Localized mcniugilis is not a clinical entity. 



Ficr. O^.^Localizctl nicningitis Ji» Clio (utssrnaii gungliDn cisfcm ft > Co. 
carolid jirter)" *, brJinJjcs of s) Ufpatbelit ncr^o. g, gassenai* g.uigltoJi 
}), rnmilent rsiid.iU' in iistfrn and tHtvv<ren diMsmm of (ngemmal nene (\'ri). 
Vf, r(H)ls of trigi'min.d noise, pa, pu-.irailmoW slioatb of Ingemnul ncrsi-, H. 
dur.i mater. 

Tile differential diagnosis of localjzetl meningitis, internal paeby- 
nicningitis and brain abscess is diflicnlt and often impossible, 
since loeali/.ed meningitis does not cause definite symptoms. For 
this reason, the diagnosis of localized meningitis is nearl}' a)\va)\s 
tentative and b.isctl on the presumable pathology of the ease. 
For example, if a patient ssilh cliolesteatoma presents slight 
meningeal symptoms, localized meningitis should be considered. 
On t)»c other hand, if a }’Oimgster ss’ith acute otitis presents the 
same meningeal symptoms, an inifiat phase of di/fuse, not loc-al- 
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i7od. inctiingllis sliould Ik; consultTfcI. TIio rosulls of spithd puiic- 
hire do iiol pi’rtuil defioile ctnicUtsimis. iuTgeoiis omU spiiul 
puncture in cases of eventual localized nieningitts to avoid 
spread of tlie inenlngltis. However, tlie hazards of spinal punc- 
ture in localized meningitis arc not great providetl loo large an 
amount of fluid is not removed rapidly. 

Meningitis localized in the pontile cistern causes esseiitialh 



I'lC at nictiliiXitis m» niiffjir nf Kfl crfd>''ll-»r liemf- 

<lih4-ie (.irrow*). Tlicrr ii jnull c-rr<lHl|jr alr.ev^v on llie aiitfri(»r ttlsse '‘i •I'f 
U-niMplKTr Niilr nlfin.i of Ilie lipiiin|»lkTp ( Aftrr (Irtilwclifitl ) 


the same .sviuptoms as petrositis. Occasionally the prrtlominance 
of cerclx’llar svinptonis is responsililc for the inctirrcct diagnosis 
of cerebellar abscess. Ctslemal ineiiingitis mav run a prolraclwl 
course over several vv«*ks, during which the meningeal sviuptoms 
disappear and re-appear Even this is not n1)solule*ly iiuVicafive nS 
dstcnial meningilLs, since it inav also be iiotetl in the inlennittent 
Ivpe of piinilent meningitis and m serous meningitis. 

Trcalincnl —Localized meningitis caused bv a brain abscess 
or sinus tbroinbosis does not resjuire special care. 'Hiat c.iusetl 
by an infection of tlic temporal Imne retjiiircs remov;il of the 
focais of infection In appropriate .surgical procedures and |>onI- 
operative cbcinotlicrapy. 
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ACUTE SEUOUS TkfENlNCmS 

Serous meningitis is an accumulation In tlio subd<{ral spaces 
of the brain of cerebrospinal fluid and a serous OMidatc, rich in 
albumin, caused by abnormal permeability of the vcnovis portion 
of the capillarj’ bed. Tlserc is an inflammator\' and a hypertensive 
l>pe. 

Inflamiualory iype.— Pathology.— Tills type occurs in children 
and )'oung persons, and seldom in adults past 30. Fomierlv, acute 
serous meningitis was most often .seen with cholesteatoma involv- 
ing the inner car. Now such cases are considered to be instances 
of incipient purulent meningitis because they almost invariablv 
become purulent unless an operation is perfonned immediately 
and chemotherapy administered. 

True serous meningitis may be primary, secondary or post- 
operative. The primary type is caused especially by acute otitis, 
usually appearing in the first week of the otitis and occasionally 
even before rupture of the drum membrane. It is probably caused 
by an infection which travels along the anastomosing blood ves- 
sels. Chronic otitis seldom causes serous meningitis, except in 
children. The secondar)’ t)pe is most frequently caused by infec- 
tions of the lateral sinus, periphlebitis or thrombophlebitis. 

The postoperative type usually becomes manifest after a sim- 
ple mastoid operation. Failure to operate at tlie proper time and 
failure to eliminate the entire infection in the temporal bone are 
usually responsible for the postoperative development of serous 
meningitis. A common error is the performing of a simple 
mastoid operation foe recacreiit acute otitk. Titk of 

otitis becomes evident when an acute infection involves a tjTU- 
panic cavity containing adhesions caused by previoiis attacks of 
nctito or chronic otitis, Tljese cases are often not properly evalu- 
ated, although there is usually evidence suggesting recurrent 
acute otitis. Such evidence includes: a history of several attacks 
of acute otitis, b\it no diselwrge in die intervals; the finding of 
a iToorly or nonpneumatized mastoid process in apparently acute 
otitis, and discharge from the lyinpanic cavity without prccetling 
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pain. Localim! aJ^ct'S'Jcshavca letulency lo fonn in the t\inp.u\ic 
cavitv In ihc.sc eases, so that siiiiple mastoid operation niu-h 
accomplishes proper drainage of the ewsdale in the tyn'panic 
cavity. In fact, tills opt'rallon may cause a fl.ire-np of the tnnjunic 
Infection which, in tnn», may cause serous mcnitigitis a few weeU 
later. This complication can he avoided If, in recurrent acute 
otitis associated with mastoiditis, the operation is cxlcnclwl 
toward the cpitynipannm. Some cases rctpiire a modlfictl or ercii 
complete radical mastoid o|>cration. 

Another cause of postopcratisc serous meningUis is faiUite 
to cstahlish the coirect diagnosis and to perfonn the required 
surgery in cases of sinus ihromhosis. Tlierc is a considcrahle niim- 
her of such failures on record. These cases usually have the fol* 
lowing history: ulthongli there was clinical evidence of sinus 
infection, a simple mastoid operation was perfonned without «• 
plorliig, occasionally even without exposing, llie lateral sinus, 
and serous meningitis followed in a few weeks. The incnliigil!< 
may resoUe if the sinus (hromhosis undergoes .spontaneous cure, 
or ma\ Ix'coiue purulent if the thromhosis is progressive. 

In a third group, serous meningitis may follow snrgerj' for 
masloidism (p. 188). Fever, increased Inmliar pressure and 
eventually cloudy cerehrospinal flnitl may appear after the opera- 
tion. particnlarlv in older children with a well pncnmatiretl mas- 
told process. The serous meningitis gradually disappears, and fur- 
ther surgery on the lem|K)ral Ikmic, such as exposure of the dura 
or sinus, is seldom ncecssaiy. although such siirgerv is frequently 
perfonned. Chemotherapy will proh.)]>Iy shorten the course in 
these eases Serous meningitis may also occur if, during a simple 
iimstoid opcnitioii on an infant, the dura in the antnmi is exposed 
aud the retroaviricular incision is prinvarilv closcvl. In those cases, 
granulations fonn in the aittniin adjacent to the <hini, and if the 
tvmpanic cixvity is reinfected, sitous meningitis m.iy result. Fm 
this reason. exj>osnrc of the dura in infants is not as Iiannicss as 
it is in adults. Serous meningitis may ultimately follow a radical 
mastoid o|K*ration, p.-irticiilarK if it r<‘snhs in atresia of the ex- 
tenu! auditory cun.il. 



OTITIC MENINGITIS 


289 


SrAfpro,\fATOLocY.~The inflanimatorv l)'pe of acute serous 
meningitis is clmnicterizccl by symptoms of meningeal irritation. 
Tljc patient is restless and sleep is disturbed, allbougb the rest- 
lessness is not as striking or as progressive as in purulent menin- 
gitis. Apathy and stupor are Jess common and point rather to 
purulent meningitis, particularly in infants. Progressive emacia- 
tion, continnous vomiting and delirium are also more suggestive 
of punilont than of serous meningitis. Occasionally the patient 
complains of vertigo. Headache, particularly frontal headaclie, is 
constant, and so is fever. The fever is not characteristic, hut it 
may rise to KM and lOo F. especially at the onset. In serous men- 
iugitls due to sinus thrombosis the fever shows remissions sug- 
gestive of sinus tlirombosis. Despite the liigb temperature the 
patient’s condition does not deteriorate as rapidl)' as in punilent 
meningitis. Chills arc infrequent except in serous meningitis due 
to sinus thrombosis. The pulse rate follows the temperature 
fluctuations and occasionally is slow. The blood sliows leukocyto- 
sis ))nt no marked sliift to the left. There are no bacteria in the 
Wood unless there is associated sinus tlirombosis. The cyegrounds 
are normal or there is low grade papilledema rising to about 2 D. 
and associated with hemorrhages in the retina. Lumbar puncture 
may reveal normal pressure, but more often tlie pressure is raised 
to 250'3-50 mm. of water. The fluid is clear or slighll}’ cloudy and 
.shows a moderate increase of I)Tnpbocytes. Tlie protein content 
is increased even though the fluid is clear. Bacteria arc invariabh 
absent. Sugar and chloride contents are normal. The ventricles 
arc of noniial or subnormal size; if there is nifenial ii^'drocephalus, 
it is probably not caused bv otorhinogenous serous meningitis. 

A l>oy, aged 15. with recunent otitis and mastoiditis on the rigid, 
underwent a simple mastoid operation, and about three weeks later 
the first s)'mptoms of serous meningitis appeared. Frwjuent lumbar 
encephalographies revealed normal ventricles, but the subarachnoid 
spaces over the right cerebral hemisphere and the cisterna pontis on 
the right were not filletl with air (Fig. 64). Wlien a lateral view of 
the skull was taken with the right side of the skull uppermost, a fill- 
ing of the subarachnoid spaces on the right was achieved. Tliese oh- 
sers-atinns indicated right-sided brain edema. Tlie diagnosis was 




Fk fH — Si'fiiiK iiflrr rriwrwit atiili* ftliljx, nniU* 

prtJi>VWt«Us »)| kiKnvtttl sHHW •>!» tl>c r.nnpUaVitfri*'! afut 

•30 cc. of rtrcJirwi'ina! fluid atxl iiifljtItKt witli 25 ix. of nif, mitcpipo'J'Tlor 
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larly in cliildrcn TIic* occtitreiicc of inolor s\ jnptonis and changes 
of reflexes (p 273) dcix*ntl on the extent of brain e<lcma. Spinal 
ctnd symptoms, such as pain in the spine, buttochs and thighs 
and parabsis of the rectum and iirinarx bladder inditstte purulent 
rather than serous tneniuptis. Of the cranial lUTves, the alKhiccns 
is most frerpu-ntly linoKetl. usually on the nffeclerl side, althonph 
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at times on tljc opposite side. Tlie oculomotor and facial ners es 
are involved in a few instances. 

Differential diaonosis.— This is difficult as far as purulent 
meningitis is concerned. Formerly, the differential diagnosis was 
based mainly on cerebrospinal fluid changes, but there is no uni* 
fonnity of opinion regarding evaluation of the fluid- Some sur- 
geons consider increased lumbar pressure and nonnal fluid to lie 
suggestive of serous meningitis, wliilc others emphasbc an in- 
crease of protein and cell contents. Each finding must ))e con- 
sidered compatible with the diagnosis of both serous meningitis 
and an incipient phase of punilent meningitis. Likewise, final 
recovery cannot be considered a significant feature of serous 
meningitis, since purulent meningitis is no longer invariably fatal. 

Apparently the differential diagnosis cannot be based on a 
single symptom. The following observations are .suggestiv’c but 
not decisive in this respect. (1) The patients age. Broadly speak- 
ing, serous meningitis must always be considered when meningeal 
symptoms occur in children and young per.son.s. In adults over 
30, serous meningitis is not common. (2) Type of otitis. If in an 
early stage of acute otitis, even before rupture of the drum mem- 
brane, meningeal S)'mplonis such as restlessness, fever and head- 
aclie occur in a child or young person, the diagnosis of serous 
meningitis must be assumed, except during epidemics of influ- 
enza, wlien acute infectious of tlie tympanic cavity may lead to 
pimilcnt meningitis with unusual rapidity. Serous meningitis 
must also be considered in children or voung persons when men- 
ingeal syTnptoms appear a few weeks after a simple mastoid 
operation. (3) General condition of the patient. Purulent men- 
ingitis rapidly breaks down resistance, particularly in children, 
resuhing in apvithy and rapidly progressing emaci.ition. The 
child with serous meniiigiUs may be tpiite active; when lie falls 
asleep it is a natural reaction of fatigue, not a sign of systemic 
'deltTioradon by toxins. This olwcn'ation is of utmost importance. 
(-1) Cerebrospinal fluid. Although lumbar pressure and the celt 
and protein contents are not dependable criteria, progressive re- 
duction of sug.ir content and the appearance of bacteria point to 
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.1 piiriilcjit incuingiHs. (5) Final rcc-owry. Sorons nu'iiingitK is 
not fatal. If a patient dies of incningilts, it is pnnilcnt, escii 
tliough the cerehros'pina! fluid was clear. Tlie concept of “inalig- 
naut serous meningitis** is not in ugrccinenl with tJie modem 
concept of serous inflammation. 

The differential diagnosis of seroius meningitis and locilired 
purulent meningitis is even more difficult. One should remcmlxr 
that localized pnnilent meningitis mas occur in cholesteatoma of 
the tjTnpanie eavitv, a condition which rarely causes serous men- 
ingitis. 

Puooxosis.— For both priinars* and secondary serous menin- 
gitis the prognosis is good if the original infection is properly 
managetl. Othersvise prognosis must be guarded. Resolution oc- 
curs if tlie underhing otitis or stuns thrombosis undergoes spon- 
taneous cure. In such cases tlie meningitis ma) continue for sev- 
eral weeks nr tna\ display intcnnis.s5ons and Tccnncnces until 
ultimate rt'c-oicrs. The following case Is instructive. 

A girl, agwl 10. with a |>ositlxe Firqiict rtMctiou, bad acute otitis 
oil till* right of too montlis' duration. On admission tlic tnnperiture 
fluctuated bi-tweoii 100 4 and lOi F. A simple mastoid oporaHon re- 
\t-alttl a well pneiimatizcsl mastoid proe<‘.sst the ctposetl dura ami 
Slims were normal. Postop<T.itoeIv, the fever decreased hy lysis- Sul- 
fonamides were not given. Twelve davs after the operation there wise 
high fever, cdcuu of the right upper Ikl and 13,700 leiikoc>'tes in ll»e 
blocxl, vvitii a slight shift to lliC left, hut there was no papilletlcma. Tlie 
m.\stnivl incision \\.is eidafgt-d. and granulations were removed from 
tlie piTiIahyTinthme and retrosimis cells. Tliere was again gr.idiial 
recovtTV, hilt one month .iftcr the first opiTation tlif lemperitiire rose 
In 102.2 1'.. with vomiting, shivering and facial pallor, hut no papd- 
Ictleiua l.iiinfiar pressure wav incrcastd and tlie lltiitl cloudy- A radical 
iii.isIokI operation reve.ded the tyinp.unc eavitv filleti with graniiLi- 
tions. the diiri iionn.il and the sinus ssiverctl by fibrin and grannl-** 
lions. l>til no thrombus Tlie superior angle of tlie petrous Iwne was 
removed- Four days later lumlur pr<-ssure was normal and the Huid 
rh-ar Six wet.-ks after the first <>|>erat(nn there vv.is ag.'iiii vomiting- 
hut no fever. Tliri-e wcH-hs later the tMUpcratiire was 99 F. There vsiie 
frontal headavhe on the figltt. vomiting, slight rigidity' of the nccl 
and Oppeiihfim's sign on the left. Kernig’s and Ihilnnslrs signs were 
iMit present. Lnmh.ir prr-ssiire vvas vhghily intrnutxl and the flult! 
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yellowish and cloudy and contained 800/3 cells; the Nonne-Apelt and 
Pandy reactions were 2 plus. Air inflation of the spinal c.\nal led to 
disappc-arancc of all symptoms (he following day. Tliere was no re- 
currence of meningeal symptoms and the child remained ^ve]!. 

Not all cases have as favorable a course as this one. In some 
tiie serous meningitis continues for a few weeks witlioul alarming 
symptoms. Then suddenly, without warning, marked meningeal 
impairment develops. Tlie patient (usually a child) I)econies 
scmicomatose and pale, respiration is labored and the pirUe weak 
or ver}' slo^v; there may be deviation of tlie eyes, a shtggjsh re- 
action of tlie pupils, ataxia, ankle clonus, a positive Kernig sign 
and diminished abdominal reflexes. Tliis aente breakdouT) may 
be the forerunner of the hypertensive slate or of purulent menin- 
gitis. The change from serous to purulent meningitis is likely if 
the mastoid or lateral sinus infection is progressive In certain 
epidemics, ns in the influenza epidemics in Vienna in 1928, this 
change occurred frequently in the early phase of acute otitis. 
Meningeal symptoms appeared almost sunultaneously with tlie 
acute otitis; the spinal fluid was cloudy the third or fourth day of 
the otitis and contained bacteria one to two days later. The prog- 
nosis was unfavorable. One must assume that tlic offending organ- 
isms were especially vindent. Chemotherapy u'as not available. 

If the inflammatory ty'pe of serous meningitis advances to the 
hypcrten.sjve ty'pe, the symptoms of the car infection and of 
meningeal initation gradually disappear and arc replaced by 
tliose of intracranial hypertension. 

Iheatment.— In primaiy' serous meningitis a paracenfesfs of 
the drum membrane is occasionally' all that is necessary to cure 
the infections of both car and meninges. In acute otitis with sur- 
gical mastoiditis a simple mastoid operation should be performed, 
and in recurrent otitis the conserx'ativc radical and the complete 
radical operations are the methods of choice. The dura should be 
exposed. If a pathologic process is discovered in the mastoid ex- 
tending to one of tlie cranial fossae, the dura is expo.scd at ibis 
site. If no p.itbologic process is found the dura of both cranial 
fossae should be exposed. 
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Sctoadiin- serous meningitis caused by sinus thrombosis ro 
(juires the sinus operation; ligation of the jugular vein should lx: 
omitted unless there is advanced septicemia. If the operation is 
performed at the pnjpcr time, the nieinngc.il s\mptoms rapidly 
disappear, regardless of whether cheiiiolherapy is given or not. A 
special problem arises in cases of meningitis in the first wwk of 
acute otitis. Although there is no surgical mastoiditis and al- 
though the principal infection is in the tympanic cavity, not in 
the mastoid process, a simple mastoid operation is often [Kt- 
fonned unncccss;irily (p. !8S). In these cases chemotlierapy Is 
preferable. If penicillin is preserilicd, pyraniidon (3-5 Gin. daily) 
should be added, to couslrlct the blood vessels and reduce tlic 
OMidation of serous fluid. 

UijfH'rlemivc /y/jc.— !* stiioi.<k;v.— T)ie liypertensfvv type iiu\ 
be primary, sccondars or poslo|)er.itisc and nflccts children and 
young persons, seldom persons over 30. In general, the lijiierlcn* 
si\e type is caused bv all the ear infections which pnxhicv the 
inflammatory ivpc. Iloweser, there are some diflercnecs. Tlic 
hspertensive type due to acute otitis develops in tlic third or 
fourth week, and often in the sixth or eighth week, of olilfs, 
whereas the infijimnatory type usuallv appears in the early phase 
of acute otitis. Obscnalioiis of p.ilients with hypertensive serous 
meningitis under medical care from the onset suggest that the 
acute otitis is alswiys associalwl ssith fever of 100-101 I'., indi- 
Ciiting iusolscmeut of the dura or sinus. The slight infection of 
the meninges is a forcnimier of hs'jK'rtensivc serous meningitis, 
Tlic hypertensive tyjxj is not common with chronic otitis. 

At times, the hypertcnsisc tvpc becomes manifest four to sis 
weeks or longer alter a simple m.istoid operation. 1 believe ihal 
in these cosc-s the operation was not adequate. In a eoiisidcrahle 
iiiimlKT of these cases j^itliologic changes were disciJvere<l in 
the simis Imt exploration and dniiUAge of the sinus were lusuf* 
ficient. Tlie sinus infection was not haltetl. hut progrossctl to 
serous meningitis svhich iilliinatclv causctl a hypertensisc state. 
In others liilateral otitis w.tf present imd the less involvixl side 
was ojM^ral«l on, while the more iiuoKixI side was <-ilher left 
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alone or was operated on when serom meningitis was ahead)' in 
progress. Occasionally a h)'pertensive state has developed when 
a simple mastoid operation was performed for chronic otitis. 

The secondary hypertensive type is usually caused by an in- 
fection of the lateral sinus. It seems to l)e more common than the 
primary type, for in seveial cases of apparently primary type the 
.siniw infection was imrccogniacd even during the mastoid opera- 
tion. Several cases on record showed the entire, or almost entire, 
clinical s)7idrome of sinus thrombosis, but onlv a simple mastoid 
operation or no operation was perfonned and no chemotherapy 
was administered. Nevertheless, both the mastoiditis and the 
sinus infection showed spontaneous cure, to he followed in a few 
weeks by a h)'pertensive type of serous meningitis. More fre- 
(picntly the hypertensive type develops a few weeks after a 
sinus-jugular operation. In most of these cases the Jugular vein 
on the right side, which usually carries more blood than the vein 
on the left (Fig. 6 , p. 17 ), lias l>een severed. Tins indicates that 
hypertensive seroiis meningitis not only is caused by inflamma- 
tory changes of the meninges hut is probably encouraged by pas- 
sive J)ypcrcmia. However, e\cn in these instances tl )0 inflamma- 
tory exudate has a more important part tlian t)»e transudate due 
to pas.sive hyperemia, as proved by cases in which a .sinus-jugular 
operation was done several years previously and h)’jjertensis-e 
serous meningitis develops whenever the tympanic cavity be* 
come.s newly infected. 

Symitomatology.— According to our concept, the hyperfen- 
sj>e typo is one of the possible terminations of the wflanimotor)' 
type. For this reason, patients presenting symptoms of the Iij^er- 
tensive type may also present several symptoms of the inflamma- 
tor)'-t)’pe if active inflammation has not jet subsided. This ex- 
plains the variation in symptomatology of the hjpertensive state. 

In hypertensive serous meningitis the mental state is clear. 
If the inflammaiorv and hypertensive phases os'crlap there nias' 
he some drowsiness, hut conspicuous mental disturbances are 
not present. Vomiting and nausea are variable. Frontal headache 
of llic bursting Is pc is an oulstandmg symptom. Temperature, 
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Scconclar)’ scrotis meningitis caused by sinus tlironihosis re* 
quires the sinus operation; ligation of ibc jugular vein should Iw 
omitted unless there is ads’ancctl septicemia. If the operation is 
performed at the proper time, the meningeal symptoms rapidh 
rhsappear, regardless of whether chernothempy is gisen or not. A 
special problem arises in cases of meningitis in the first week of 
acute otitis. Although there is no surgic-al mastoiditis and al- 
though the principal infection is in the tympanic cavity, not in 
the mastoid proct'ss, a simple mastoid operation is often per- 
formed nnnccc'ssarily (p. 188). In these cases chemotherapy is 
prefeniblc. If penicillin is prescrihwl, psramidon (3-5 Cm. daily) 
should he added, to constrict the blood vessels and reduce the 
esudation of serous fluid. 

HijpcrIvmUe /j//u'.-I’ATiHnaM;Y.— The hvpcrtensivr t)pe ina) 
be primary, secoudarv or postoperative and afFecls children and 
\oung persons, seldom iwrsons over 30. In general, the hyperten- 
sive Ijpc is c-auswl bv all the ear infections vvliich protluee the 
ijiflammalorv ripe. Ilovvover, there are some diilcrences. Tlie 
liviKTtensivc typo due to actile otitis develops in the thin! or 
fourtli week, and often in the sixth or eighth week, of otitis, 
whereas the inflammatorv tvpe usualK appears in the early phase 
of acute otitis. Observations of p.ilients vvatb livpertensive serous 
ineningilis under medic*:il csirc from the onset suggest that the 
acute otitis is alwavs associates! with fever of 100-104 K., incli- 
eating involvement of the dura or sinus. The slight infection of 
the meninges is a forcniniicr of livpx'rtensive serous meningitis. 
The hvpertemivc tv pc is not eoiiimon vvith chronic otitis. 

At limes, the hvperlenvive type Ir'Ctiiucs manifest four to sis 
Wi-eVs or longer after a simple mastoid operation. 1 believe that 
in th(‘se cases the opt-ration was not aderpiate. In a conskicrahle 
number of these csises pathologic changes were discovered i" 
the sinus but cxploTation and tlramage of the sinus were imnf- 
fieieiit. Tlie sinus infection vv.»s not halted, but progressetl to 
serous moiiingilis which nltmiatelv cjuisetl a livpertensive stale. 
In others bil.iteral otitis was present and the less involvet! side 
was opctatesl ou, while Uie nv<vrc insolv«l side was either left 
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alone or was operated on when serotis meningitis was already in 
progress- Occasionally a liyperlpnsivc state has developed when 
a simple mastoid operation was peifonncd for chronic otitis. 

The secoiular)' hypertensive type is usually caused hy an in- 
fection of the lateral sinus. It seems to l)c more common than the 
primary type, for in several eases of apparently' primary type the 
sinus infection was unrecognized even during the mastoid opera- 
tion. Several cases on record showed the entire, or almost entire, 
clinical sjmdrome of sinus thromirosis, hut only a simple mastoid 
operation or no operation was perfomied and no chemotherapy 
was administered. Nevertheless, both the mastoiditis and the 
sinus infection showed spontaneous cure, to he followed in a few 
weeks !))' a liypertensis'C type of serous meningitis. More fre- 
quently the hypertensive tj’pe develops a feu weeks after a 
simis-fugular operation. In most of these cases tlie jugular vein 
on the right side, which usually carries more blood than the sein 
on the left (Fig. 6,.p. 17), has been severed. This indicates that 
hypertensive serous meningitis not only is caused by inflamma- 
tory cJianges of the meninges but is probaldv encouraged })y pas- 
.sive liyperemia. However, even In these instances the inflamma- 
tory exudate lias a more important part than tlic transudate due 
to passive liyperemia, as proved by cases in which a smus-jugular 
operation was done several years previously and hypertensive 
serous meningitis develops whenever the tympanic cavity be- 
comes newly infected. 

SY.MiTO.MaTOLOGY.— According to our concept, the hvperteu- 
sire type k oite of the [Ktssihlc temuitathiis of the iiifhiiimatory 
type. For tliis reason, patients presenting symptoms of the hyper- 
tensive type may also present several symptoms of the inflamma- 
tory •tN'pe if active inllaminalion has not yet subsided. This ex- 
plains the variation in symptomatology of the hypertensive state. 

In hypertensive .serous meningitis the mental state is clear. 
If the Inflammatorj' and hypertensive phases oicrlap there mai' 
be some drowsiness, hut conspicuous mental disturhances arc 
not present. Vomiting and nausea are variable. Frontal headache 
of the bursting tv'pe is an outstanding sx^ptom. Temperature, 
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pulse rate and blood are normal unless the infiammalon plw\e 
has not \ct disappeared. Tliey are normal even in the hyperU-n- 
si\e phase due to sjn\« lhrom!)os»s, siiKc h)*pertension usvialK 
becomes manifest when the sinus thrombosis is ctired cither with 
nr without surgers'. 

The principal ssmptom of lopcrtensive serous meningitis is 
papilledema, which mav rise to 6 and 7 D. The rise Is rapid and 
almost in\aTiabl) assodaletl with retinal hemorrhage. Tlic dcgu'c 
of papilledema fluctuates and is usually difTcrent on the two sides. 
Tim s'isual fields do not show distinct aUeralious beyond a tcml* 
cncy to generalized restriction. Spinal puncture usually reveals 
lumbar pressure over 300 mm., but the cerebrospinal fluid is 
normal in cverj- respect. Tlie ventriculogram is norm.il; in soint 
cases the ventricles arc smaller than normal. Tlie rachidial rjito* 
tient of A\ala* is more than 5. Iljperscnsilivily and motor and 
spinal cord symptoms are usually absent or not marked. Of the 
cranial nerves, the nbducens is frequently involved on IIjc side 
of the ear infection, on the opposite side or on both sides. 

Tlicrc may be difficulty in differentiating liypertcnsivc serous 
meningitis and brain abscess In the quiescent pliase. However, 
tlie patient's age, perfect mental alertness, high degree of pap- 
illedema and its r.ipid rise, normal blood count and nonnal on- 
crphalogram penult the dmgnosis of hvperlcnslve serous menin- 
gitis. With cerebral tumor tlie cerebral .s)Tnptoms develop more 
gradually than w-ilh hvpcrtcnsivc serous meningitis unless then* 
is hemorrhage into the tumor 

I’n(x;NOsis.--Ik*c.uise hypertensive serous meningitis df>c*s not 
advance to pvmileut meningitis, there Is no immediate danger to 
life. However, there is real danger to vision. Without treatment 
or if treatment is instituted loo late, the papilledema may gmdn- 
ally subside, leaving v-arions degrees of optic atrophy and ciuis- 

*Th«. rachlclul (iitDCiroi oI .\>aU ((lU') llic raUt> of llir pMtuft it'*' 
Enal tumliat pfrsMijc (F) and llw anmint certt>nnt'inal flu>d irtnti'fd 
l(» tfiT iniUJ jwfsjurr (/i. f «• . ^ With pfr»»iirp of iW wrljT*- 

jpint! fiulJ. an lixlt-x l>rkm 5 iiidicate* a focul k^sloii, rR. a tirain atner". 
lodirz alxnf 5 1i pmoTtiplnf «ldr«KT fd tiyprrtrinixr wmnit I t'*'* 

iuti no nixTrirncr nltli thit lr»l 
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ing impairment of vision and even amaurosis. If proper treatment 
is instituted early the prognosis is fair. However, tlic papilledema 
may not disappear for several months, and relapses, irsuallv asso. 
dated witli a new infection, are not infrecpient. 

Theatmcnt.— The first step is surgical removal of the focus of 
infection. Thereafter tlje purpose of treatment is to achieve de- 
compression. Various methods serve that purpose. Some cases on 
record indicate that simple administration of laxatives decreased 
the papilledema. In others administration of hypertonic solutions 
lias been .successful. 

Spinal puncture is highly important, njcoretically, it ssould 
he hazardous in tlm presence of high grade papilledema, but no 
ill elfccts have been reported provided the pulse rate was not 
diminUlied. Fluid i.s withdrawn very .slowly; witlidrawal must be 
.slopped immediately if the patient complains of headache or if 
llicrc is the slightest difficulty in breathing. Lumbar puncture is 
repeated the following day or in two days, depending on the 
patients condition. In one of my cases papilledema of 6 D. dis- 
appeared after a mastoid operation, with exposure of the dura of 
tijc middle cranial fossa, and a few lumbar punctures. As long 
as papilledema of, say, 3-4 D. is not increasing and vision is not 
impaired, lumbar puncture may be continued for montljs. If. 
however, papilledema is increasing and the vision becomes 
•sliglitly impaired, subtemporal decompression should be done. 
Cerebellar decompression should be done if there is clinical evi- 
dence of obstructive liydrocephahis, which is rare. Surgical dc- 
comprcsshii is the Bnai hope for success m treatment, nUisough 
even after tins procedure relapses of the papilledema may occur. 
Moreover, after subtemporal decompression the brain may bulge 
througli t))D opening in the shnll for several years. 

ACUTE VVnVhEST MENisains 

Acute purulent meningitis is a purulent inflammation of the 
jiia-arachnoid which also involves the cerebral cortex. 

Pelliologij.—Thc infection occurs by contignity or continuity 
or by injur)’ (p. 2-15). 
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Tills section tleals particularly with the 
svmploms of tlio initial phase of meningitis; those of the acU ancotl 
stages arc clisctisscd on page 26S. 

Acute purulent meningitis may l>e caused l>y (1 ) acute otitis 
media, (2) acute mastoiditis, (3) acute infections of the pcrilah}* 
rintliinc cells and petrous apex, (4) acute infections of tlie 7) go- 
malic cells, (5) chronic otitis media and (6) infections of the 
inner ear. 

Acute infections of the Isnipanic cavity caused by a common 
upper respirator) infection nia\ he the .source of meningitis in 
any period of life. In infants and children the initial phase o! 
acute otitis is frequently associated with striking systemic and 
cerebral .s)Triptoins, inctuding fever, rcstfessnes.s, delirium, con* 
Milslons and opisthotonos. These ssiiiptoms, wjiich in adults defi* 
nitcly indicate a punilcnt infection of the meninges, gradual!) 
disappear after free drainage of the tympanic cavity is established. 
Wlicn they are present despite free drainage, they are alarming 
regardless of the patient’s age unless the) arc caused liy acute 
otitis on the opposite side. In infants acute otitis media caused 
by an upper respirator)’ infection is nsuall) bilateral and usu.dU 
more advanced on one side than on the other. Moreoscr, inf.iut 
otitis is always of longer standing than the changes in the drum 
membrane mdicate, so ilut the otitis on one side may he at its 
peak uhile the otitis on the other side is in the initial phase. For 
this reason, in the presence of a Ircclv draining middle ear fever 
may he due to incipient acute otitis on the other side. If, however, 
the opposite side is defiiiitcK iionnal, fever of 102.2 F. and more 
may iiuhcnte incipient punilcnt meningitis and ri’(]uircs .spinal 
puncture. Another symptom of incipient purulent meniugitis is 
a decline in the child's vitality. The child becomes ap.'ithic. 
sleeps much, although the sleep is not restful, cals and drinks 
poorly and diK’s not resist metlical examination. Ohjeclivelv this 
decline in vitality vs often manifcslosl h\ an abrupt fall of tern* 
{H-rature after paracentesis of llic dniin membrane. Fiiruleiit 
meningitis of infants usually originates in the tympanic cavity 
because the temporal pneumatic cell system is not develojiesl. 
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Jn adnlls, infections of llic Ivinpanic cavity witiionl .surgical 
mastoiditis rarely lead to pimileiit meningitis except during epi- 
demics of inflnen 2 a, when meningitis may develop in the early 
stage of acute otitis Ijcfore the formation of surgical mastoiditis. 
Formerly tlie diagnosis of meningitis cum oUlidc was made in 
these cases, indicating that the infection did not travel from the 
Ijiupvanic cavity into the meninges lint invaded the tympanic 
cavity and meninges simultaneously. This concept is probably 
correct in many cases of meningitis in the early phase of acute 
otitis. In similar instances a careful historj' reveals that the 
otitis was of longer standing than the patient originally stated. 
Occasionally the meningitis is proved to liavc originated not in 
the tympanic cavity but in an infection of the sphenoid sinus or 
in pneumonia. 

Purulent meningitis often originates in m.-istoiditis. Tlicre is, 
of course, a sagging of llie superior ami posterior walls of the 
external canal, hut edema and tenderness at the tip of the mas- 
told frerpiently are not marked, nor is lliere necessarily a large 
amount of pus or extensive bone destniction in tlie mastoid 
pmcess. 

Punilent meningitis Is especially important In old persons. 
Both mastoiditis and meningitis are often caused by pneumococ- 
cus type III and run a peculiar cour.se. The otitis media caiises 
lypicjil mastoiditis in about four weeks. Unless a simple mastoid 
operation is performed, the mastoid .symptoms decrease and the 
otitis passes into the subacute stage (p. 113) having a vague 
syjnpiomstoiagy. Occauona}iy the patient comphins of dea/werr 
not relieved liy air inflations, tinnihis, headache, dizziness, my- 
algias in the neck or tlic feeling “of having un ear.” Unless these 
.snnptoms are properly evaluated, fulminating meningitis may 
suddenly appear, usually six to eight weeks after onset of the 
otitis, llic outlook is exlremelv grave. Microscopic examination 
rtncals tliat tlie infection has invaded tlie meninges tlirongh a 
deep perilabyrintlnnc cell, through tire mesial wall of the mastoid 
antrum, through the tegmen tympani or, occasionally, through 
the jwsterior .semicircular canal. In these instances the siil- 
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fonamidi'S mav Imvr a disastrom masking offccl if the snrgain 
is iiol familiar with the palliologj'. For this reason, in aente otitis 
of old persons, parlicidarly with pncnnuK-occns type III infec- 
tions, snifonamides should be administered only in the eadv 
stage. If not cffcclise (hen tlic\ are seldom effective later. 

Sesend otologists claim that pumlenl meningitis frecjueiith 
originates in an infection of the pcrilahyrinthine cells (p. HI), 
particularly in old persons. A coinmonlv accepted concept is that 
normally the temporal hone l>cconics more or le.ss sclerotic in old 
age, whereas actnallv the normal temporal bone of old persons b 
nsnalK well pnenmati/ed. Osving to the evtensive pneumatiza- 
ti«u, acute otitis In old pmom is often more exlonsise than in 
>oung persons For this reason, a simple mastoid operation in the 
aged is more e\tensi\e than in the young. If this operation is not 
thoronghl) perfonned and if. for example, an infl.imcd pnciiinatic 
cell close to the dura is not opcnctl. fulminating meningitis mas 
follow. Persistent discharge from Iwlh the e.xtenial canal and the 
retroanricnlar incision, slight risc.s of temper.atnre, headaclie and 
.x*ray esidence of mflamesi pneumatic cells in the temporal lione 
are indications for re-opcratlon. Chemotherapy is not elTecli'C. 

Of the larionj t\[H*s of chronic otitis, tliose involving the 
Imu) walls of the tympanic cavitv mav cause meningitis, particu* 
larb when tmociated with cholesteatoma, Statistics prose that 
chronic otitis wilhoul cholcsteatoina causes meningitis more 
commonK helssecn the Uscnticth and the ihirtielli scar, svhereas 
cholesteatoma mas cause meningilLs at any age. Cnironic infec- 
tions of the tsmpanic mneosn ss'illiout iiwolvemenl of the Imiiu 
w.ills caii-se meningitis almiit as freipicntly as the) cause sinus 
ihroinliosis (p. 190). In chronic Immic infections of the tjinpanie 
cavils an aciilc exacerlKitioii is an iniporlant cansatise factor, 
and slight meningeal ssmptoms such ,as feser, headache and 
somiling lussociatesl with an acute exacerbation strongly indicate 
the inifi.i! phase of meningitis. \Mien due to an anile exacerbation 
the meningitis is wsuaUs causwl b\ one org.unsin. althougli the 
chronic otitis is a inixtxl infection. Another sign of incipient men- 
ingitis is mastoiditis in chronic otitis. 
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Tlte mastoid symptoms in acute and chronic otitis are caused 
by different pathologic processes. In acute otitis the mastoid proc- 
ess is usually well pneumatized. Tlie infection travels along the 
numerous anastomosing blood vessels betu'een the mucosa of 
the mastoid cells and the periosteum of the mastoid cortev and 
e.xtemal auditory cfinal, causing periostitis. This causes sagging 
of the superior and posterior wall of the e.\temal canal and tender- 
ness ajid edema at the tip of the mastoid process. In chronic otitis 
the mastoid is not well pneumatized and tliere are few, or no, 
ajiastomosing blood s cssels. Conserjuentl)', in a clironic case pre- 
senting mastoid s)'mptoms, the periostitis is caused not by an 
infection which lias traveled along anastomosing blood vessels 
l>ijt by extensive, destnictivc osteitis wbicli has advanced to, or 
near, the periosteum at one or several microscopic .sites. In these 
circumstIlnc^’s one can reasonably infer that tlie bone de.slnjction 
has also advanced to, or close to, the dura, which serves as 
periosteum at tlie base of the skull. Thus mastoid symptoms with 
chronic otitis and a sclerotic mastoid process usually indicate the 
initial pliasc of an intracranial complication and require mastoid 
operation. Cliemotlierapy cannot replace surgery which, in this 
initial pha.se, usually aciiieves a definite cure. Rarely, meningitis 
occurs several years after a radical mastoid operation. The dura 
or sinus may or may not have been exposed at operation, but In 
all cases the postoperative cavity in the temporal hone contains 
newly formed membranes and adhesions whicli encourage re- 
tention of purulent exudate from an acute infection. 

Of infections of the inner ear, diffuse punilent laliyrinthitis 
may cause meningitis. Diagnosis is based on total deafness and 
noiiexcilability on thccaloric, turning and fistula tests. The lahyrin- 
lliilis may lie manifest or latent. When manifest tliere are vertigo, 
'omitiiig and spontaneous nystagmus of second to third degree 
to ilic opposite side; when latent there are mild vertigo and 
spontaneous nystagmus of first degree cither to both sides or to 
the opposite side alone. The manifest type is most often caused 
liy acute or suhacutc otitis media, and the latent type by clironic 
otitis, imially associated with cholesteatoma. Before the advent 
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of c'licmothcrapy alx)iit 60 per cent of ttic erases of manifest dif- 
fuse lafiyrinthitis c;uised meningitis if surgen’ was not done, 
while in the latent type cerebellar al>sceis occurred in about 20 
per cent and meningitis in only 5 per cent. The s)mplon'is of in- 
cipient meningitis in labyrinthitis arc fever, unilateral headache, 
lendcnjcss of the cers’ica! spine and slight rigidity of the iiccl on 
bending the bead forward, Anrong these, headache and fever are 
of particular iinjKirtance, nllliottgh the temperature may not go 
over 99 or 1(X) F. In this phase the cerebrospinal fluid is clear, 
but there ina\ be an increase of cells and globulins. 

Meningitis caused bv blnnnthitis invariably invohes the 
posterior cranial fossa first. For this reason, flic outhxik is favor- 
able because tlic meningitis remains liK-alized for a compar.itiveh 
long lime (p 259) Also the meningitis responds well to clieino* 
therapv. Fonnerh, diffuse labyrinthitis with svmptoms of In- 
cipient meningitis was an absolute indication for n labyrinth 
operation. Now, in a certain number of cases ebemothernpy is ns 
clfccllve as surgery. 

Clinical course —Otitic meningitis may run cither a fiihniiiat- 
ing or a protractvxl course. The fulminating Isjic apjvears sud- 
denlv’, with juimerous symptoms, including iinc'onscioiisness, <le- 
liriiim and Kemig's sign, and is iistmily fatal. The base of the 
brain cs|>ccijlh is involved Tlie protracted Ivpe appears gradu- 
ally. with indefinite symptoms, including malaise, he.ulache, tin- 
nitus and diz-'/iness, for several dav’s or weeks, until suddenly the 
tvpical .svmptonis of meningitis become evident. In oilier cases, 
parliciilarlv those due to miicosis otitis, the meningiliv ni.iy nm 
an intermittent course over a pcrio<l of weeks, similar to cislenial 
mcoiwgiJjs. TJji* /wtji'jJl psvH'nis and ceTchml svmp- 

toms which iisu.vlly subside alter mastoid .surgeiy but reappear 
after several days and mas sidrside again, until the gcncMb'/ixl 
meningitis iK-comes evadenl. In n |>crsoiial I'.ne llie disease con- 
limietl for almost five monllis after the onset of the original olilic 
infection. 

Hie conspicuous focal Iwalii sviiiptoms, such as hetniparesi'r 
j.atksonian att.uks. deviatioii of the eyes, p.iresis of kiteral move* 
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ineiits of the eyes to one side and cortical facial paralysis, often 
lead to incorrect diagnosis of brain abscess. Enceplialographj’ 
may prevent iinnecessarj' punctures of the brain. The prevalence 
of focal brain symptoms is due to particular involvement of the 
convexity of the brain. Autopsy usually discloses multiple patches 
of meningitis scattered over the convexity. Since microscopic ex- 
aminations of the brain are not assailable, the pathogenesis of 
these mcjiingcal patches is not exactly understood. Some otolo- 
gists believe tliat tl»e meningeal inflammation is more pronounced 
at the site of these patches than elsewhere in the brain, while 
otliers infer that the infection travels along tlie pial veins and 
that the meningeal patches arc caused by local thrombosis or 
local emboli of the veins. 

ItlllNOGEN'OOS Me.\’1NCITIS 

ACUTE SEHOUS MENINOmS 

PatlioJogy.—Scrons meningitis may be caused I)y acute puru- 
lent infections or Ijy acute exacerbations of clironic infections in 
the frontal, ethmoid or sphenoid sinuses. Infections of the maxil* 
lary sinus apparently do not cause serous meningitis. Whetlier 
or not .serous meningitis may originate in the nasal cavity cannot 
he stated. 

Serous meningitis of'rhinogcnous origin is not as common as 
tlu\t of otitic origin. Tlie sphenoid and frontal sinuses do not 
attain considerable extension before the sLxtli yair. Infections of 
the ctlnnoid in young children more frcrjuently involve the orbit 
than the meninges. For these reasons, serous meningitis of rhinog- 
cnous origin is not common in children, but serous meningitis of 
otitic origin is comparatively frequent The latter l)pc is often 
secondary, being caused particularly by sinus tlnonibosis, and, 
since infections of tlie piiranasal sinus'cs seldom cause sinus 
thrombosis, serous meningitis caused by .sinus thrombosis of rlii- 
nogenons origin must also be rare. Instead of .sinus thrombosis, 
external pach)'nicnitigitis slue to ostcwnyelltis is the principal 
source of scrou.s meningitis of rhinogciious origin. Tlie self-limit- 
ing t'pe of acute osleomyolitis and chronic osteomyelito are ap- 
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parently of grful importance in this respect. Apparently srroin 
meningitis also occurs in the spreading t)’pc of aaite osleomyelilh, 
but the lK)nc disease >s so predominant that little attention is 
paid to eventual meningitis. Morcox'or, in spreading ostwimeli- 
tis serous meningitis is usually the forenmner of a purulent hpc 
and tlicrcforc never reaches the hypertensive state. 

In the self-limiting type of acute osteomyelitis and in chronic 
osteomyelitis localizwl pachymeningitis extenra often causes 
serous meningitis, probahK bv totins which pass through the dura 
into the subarachnoid sp.»ce (p. 99). Tins occurs most frcijiicntly 
when the posterior wall of tlic frontal sinus is involved. In these 
inslancTS there is necrosis or a Iwnc scfjuestnnn which may or 
may not l>e adherent to the dura. TJic dura is hypcremic and cox- 
ered l)y fihrin or granulations In subacute cases or is xvhitc or 
bluish red and marVerUv bulged In chronic case^. If the dura is 
incised, nonnal or hemorrhagic cerebrospinal fluid gushes fron> 
tlie subarachnoid space. Infrcrpicntlx, the l>one of the posterior 
wall of the frontal sinus is grossly normal. In infections of the 
ethmoid or sphenoid the cliiiit*-al symptoms of .serous meningitis 
usually disappear after surgerx' on the .siimscs, so that the path- 
ology is not known. 

liipammotonj ttjfie.-Tlie dise.isc occurs in young people l>e- 
txveen 10 and GO and occasionally in persons over 30. Tlic sxinp- 
toms arc not as striking as in the inflaininatorx tyjx? of otitic serous 
ineiiingilis. Ncxerthcless, the patients complain of headache 
xshicli is more intense than that in common sinus infection and 
cannot 1)e relicxed by shrinkage of the nasal mucosa. Tlie head- 
ache may cause hyj>erscnsitivU\. There may be some apathy and 
sleepiness. Tlic fcniperatiire max rise Ui 102 F. and over, and 
there is leukocytosis xvitboiit sliih to the left. Tlie c'crebiospin.d 
lluid is nonnal or contains a fuxv Ivtnphocy tes and a small amount 
of protein, causing sliglii rloiidiiicss. TIic fundi may shoxs' piissixe 
hyperemm or a slight tlcgitx* of papilledema. Rigidity of the 
neck. Keniig’s sign. Rabinskts reflex, ankle cinmis, exaggeratol 
tendon reflexes and, cx entiialh’. motor aph.isia apjicar. 

Treatment consists of drainage of the involxctl sinus and 
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chemotherapy. Radical surger)' on the paranasal sinuses is not 
always necessary and particularly in children should be postponed 
as long as possible. A trial should be given chemotherapy and 
consen'ativc measures, such as shrinkage of the mitcosa, luxation 
of tlie middle turbinate, eventually resection of the anterior 
part of the middle turbinate, and lavage of the frontal or sphenoid 
sinus. If these procedures fail radical surgerv’ should be consid- 
ered- If serous meningitis is caused by osteomyelitis of self-limit- 
ing or chronic type, the sequestrum or necrotic bone must be 
removed; chemotherapy is useless in such cases, 

lIijpe?tcmivo type.— This l)'pc either appears gradual!\' after 
an inflammatory phase or sets in with an acute manifestation of 
severe cerebral symptoms. Tlic latter is usually seen in cases of 
serous meningitis due to frontal sinus infection. In these, epileptic 
attacks may occur, characterized by unconsciousness, deviation 
of the eyes, trismus, temporary' cessation of breathing, dilatation 
of pupils and loss of reaction, tonic and clonic coinulsions and 
tongue biting. After the attack there may be somnolence, brady- 
cardia, vomiting, rigidity of the neck and papilledema. The cere- 
bro.spinal fluid is clear, but sometimes under increased pressure. 
Opliail lialliicinations and paranoid ideas arc sometimes noted. 

When the hypertensive phase is caused by an infcclton of the 
ethmoid or sphenoid, epileptic seizures arc usually absent. Tlierc 
arc intense headache, cither supraorbital or occipital and rudiat- 
ing do\ni the spine, and vomiting. In advanced cases there is 
papilledema of 3 D. or more; the cerebrospinal fluid is clear, 
occasionally contains traces of globulins and usually is under in- 
creased pressure. Tlic Ayala index (p. 296) is more than 5. Pa- 
tients frcqucntlv complain of dizziness and diplopia. There mas 
he a positive Kemig .sign, rigidity of the neck, dimiimtion of re- 
flexes, Icmporaiy hemiparesLs on tlie side opposite the sinus infec- 
tion, Icmponiry aphasia and, with sphenoid infections, loss of 
pupillary reaction. Hadlcxil sicrgerj'on the involved siiuns is essen- 
tial to prevent amaurosis. If tlie operation is adequately per- 
formed the papilledema subsides vciy slowly, with optic atrophy 
occasionally persisting. 
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ACITE l*Unn^'T MENINGITIS 

It is the consensus that rliinogcnous meningitis is less common 
than otitic meuiugitis for rcasotis ahciuly discussed (p. 303]. 
The former is seen more often in males than in females. 

Meningitis ma\ originate in acute infections or acute cxacedu* 
lions of chronic infections of the paranasal sinuses or in Infec- 
tions of the nasal easily. Apparently the usual source is the 
frontal sinus, less frequently the sphenoid and ethmoid and mrclv 
the in.ixillars sinus, 'flie nasal cavity is more often the site of 
origin than is usually a.sstitned. Tlic .sphenoid sinus has speci.d 
clinical .significance. Some authorities slate that it is involved in 
about 15 per cent of clinical eases of sinusitis ami in 33 jier cent 
of autopsy t-ascs, but is responsible for approximately 35 per cent 
of all rhinogenous intracTantal complications. In no one period 
of life is rhinogenous meningitis parlitnilarly liVely to develop, but 
it is rare in carls childhood unless It is c'ansc'd by an orbital infec- 
tion or oslcoinjclilis of the facial Imiies. 

Illiinologic examination docs not reveal changes siiggcstise of 
hegitming meningitis; often there is no definite nasal {xithologs’. 
With high fever the nasal mucosa is dry and the lurhinates may 
bo covered vvilb crusts. Occasionally meningitis follows radical 
frontal sinus operations vvitlioul being caused by surglc.iI injury. 
A long period, up to 18 years, may elapse between the operation 
and the onset of ineningilts. In these instances the Mirgeon failed 
to drain an infccletl tcinpoml rec<*ss, or remnants of the sinus 
mucosa, .allow cxl to regrow postoperalivelv, fonn a large cyst 
which later liecomes infected and causes meningitis, lllunogenous 
meningitis is usually caused by one organism, the commonest 
lieing streptococci, pneuiiiococ'ci and staphylococci- Infections 
with actinomycc-s are mre. Exceptimmllv, two or three .strains of 
b.icteria are present. 

Fwiilal simij.— Meningitis originating in the frontal sinus is 
either primary or secondary. It Is primary when the Infection 
travels through the jxistcrior sinus wall. A large sinus favors the 
development of ineiiingilis and other iiitnicrani.ll complications, 
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j'tist as a lifglily pneumatized mastoid process is more frequently 
t!ie source of an intracranial complication tlian a poorly pnennia* 
tized mastoid. Meningitis is secondary wljcn tlic infection causes 
primarily another complication which in turn causes meningitis. 
Some aiitljorities claim that, as in otitic meningitis, the secondary 
type is more frequent tlian the primaiy'. 

The primary infection is caused either Ijv contiguity or h\ 
continuity. Infection by contiguity consists of osteitis vshicli 
causes necrosis or a sequestrum of the posterior wall anti e\- 
tenial pachymeningitis. With spreading osteomyelitis originating 
in tlie frontal sinus, the infection spreads on tlie outside of the 
dura without invading the deeper layers. Less frequently, osteo- 
mycUlis involves only a small part of the frontal squama but 
immediately invades the deeper la) ers of tlie dura, causing sub- 
dural empyema and, ultimately, meningitis. It is impossildc to 
predict tlie course tlm osteomyelitis w'ill take. In infection !)\ con- 
tinuity the hone of the posterior wall of the frontal sinus appears 
grossly nonnal, but microscopic examination reveals infected 
ll»rom))ophlcbitis of the anastomosing blood vessels. Tlie dura, If 
c\poscd by surgery, appears to be normal, while its deeper lasers 
may be inflamed, causing pachymeningitis interna and leptomen- 
ingitis. 

The secondary type originates cither in thrombophlebitis of 
the superior longitudinal sinus or in phlegmon of the orbit. For 
this reason, the s)“mploins of thrombosis or of orbital phlegmon, 
and eventually cavernous thrombosis, may mask those of menin- 
gitis. 

In the primary type, symptoms suggesting incipient meningitis 
are headache, fever, photophobia, vomiting and orbital swelling. 
Tile headache is more intense than that due to infection of the 
frontal sinus; it increases at night and is not relieved by salicylates 
or by adequate drainage of the sinus. Fever may be due to the 
acute sinus infection if drainage Is inadexjuate or to the liasic 
disease, tlie common cold, which caiiswl the frontal .sinus infec- 
tion. Howei'cr, fes'er persisting despite projrer drainage and after 
cure of tlic upper respirator)' infection is a symptom ss’hich must 
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be properly c\aluale<l, particularly if it continues despite cliomo- 
therapy. Frequent examination of the blood is rcquire<l and spiiul 
pnncltire slioiild not be dcla)cd. Photophobia and vomitini; arc 
definite meningeal symptoms and are indications for immetlulc 
spinal puncture. 

The orbital symptoms are highly significant. If a frontal 
sinus infection causes meningitis the infection mjist travel 
tbrougb the posterior simis wall. This wall has the same slntc> 
tnre as llic sinus floor, wliicli is the roof of tlic orbit. Statistics, 
prove that In frontal sinus infections the sinus floor is more fre- 
quently involved tliati any other wall. Cons«iucntly, it can rea- 
sonably he assumed that an infection which travels throiigli tlic 
posterior wall will also travel through the itjferior wall, hut not 
vice \cfsa. Tlicrcfore in a c*ase of frontal sinusitis with v’ague 
s)anploms of meningeal involvement, the symptoms of an orbital 
Infection sitpport the diagnosis of incipient meningitis. Adminis- 
tration of large doses of sulfonamides may ol)Sciire these obser- 
vations: the orbital ssTuptoms may subside hut tlie dn>g falls 
to influence the meningeal infection. 

A guarded prognosis must he given in all cases, particularly in 
meningitis of secondary ty|)c. In the primary type the onllool. Is 
favomhle if the nienmgitis is cattscc! by localized necrosis of the 
posterior wall. 

Treatment is .surgical ami conservative; both methods are of 
c(jual importance. In the wcoiidarv t\j>e of meningitis conserva- 
tive treatment is more effective than surgery. In the primary tvpc 
all depends on whether the patient can undergo surgery and 
{vostopemtive ehcniolhcrapy or recpiires the reverse order of treat- 
uvent. If Tivenvngvtvs vs vwcvY«civt and the patvcvvt’s conditvwv gvwd, 
an operation shotild lie perfonnesl unmedlately, since the men- 
ingitis may lx* fuhninaling. Surgery is done by the external ap- 
proach on the frontal and etliiiioid siimscs. In the frontal siiuiv 
the posterior and inferior w-alls must he removed. The anterior 
wwll should Ik- removitl if there is osteomyelitis or if the sinus Is 
so large that insixclion of the entire sinus is not feasible. Since in 
lliesc instanct-s the ethmoid, at least the anterior ethmoid, is al- 
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jnosl invariably involved, an elhmoidectoiny must also be done. 
Tins sliould bo complete; i.e., I>olh the anterior and the posterior 
ethmoid should l>e opened, even though only the anterior ethmoid 
is involved. Tlie following case illustrates the danger of partial 
ethnioidectomy in punilenl cthmoiditis. 

In a ease of severe frontal sinus infection, only the anterior ethmoid 
was opened. The operation was followed by fulminating osteitis of 
the rest of the ethmoid, of the nasal septum and of the frontal sinus 
and ethmoid on the opposite side. The infection did not spread to the 
meninges. Imt (he patient died of rhinogenoiis septicemia, with multiple 
ahscesscs in the abdomen. 

Ill meningitis caused by osteomyelitis of the frontal stjuama, 
surger)’ is absolutely necessary if the osteomyelitis is of the self- 
limiting type and there are sequestra. If osteomyelitis is of the 
spreading type, tiie management outlined on page 110 should be 
followed. 

Ethmoid sini/s.— Here too both primary and secondary types 
of meningitis must be considered. The primary type is caused by 
osteitis of the roof of the ethmoid or by infection passing along 
the anastomosing blood vessels through the roof. The secondary 
type is caused by' cavernous thrombosis. 

In the secondary type, symptoms of orbital phlegmon and 
tavcnious thrombosis predominate. In the primary type, symp- 
toms pointing to incipient meningitis are headache, fever, photo- 
phobia, vomiting and orbital involvement The symptomatology 
is the same as in frontal sinus infections, but .x-ray and clinical 
examinations prove the frontal sinus to be more or less normal. 

Prognosis is the same as for meningitis originating in the 
frontal sinus. 

Treatment is surgical and conservative. If surgery is per- 
fnmietl, the external approach is preferable, because it permits 
better exposure of ethmoid cells which encroacli on the roof of 
the orbit and exploration of the orbit. 

Sphenoid sinus.— The primary' ty'pe is caused by osteomyelitis 
of the sinus roof or by infection passing along the anastomosing 
blood x'cssels through the roof. The secondary type is caused by 
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cnncnioiK tliroinimsis. [ti rare inst<'inc(‘« n patent eraniopliann- 
«'cal canal (p. 7S) seiAo ai a patliwax. In tlic secntidarj’ (jpc llie 
sxTiiptoins nf cniNcmoiis thrombosis predominate. In the priin.in 
hpe, sunptoms pointing to incipient meningitis are liratladir, 
most fr<*(jnentl\ localized in the occiput and perhaps nuVi.il- 
mg to the temporal region or down the spine, slight fever, photo- 
phobia. somiting, pain in the car and, occasionally, glycosttrij. 
Orbital s\mpt<ini!» arc nsuallv absent unless the ethmoid Is in- 
\ olved. Additional findings are difTercnce in the size of the pupik 
sluggish pupillary reaction and eseiitually absence of piipilLir) 
reaction; occasionally optic neuritis is noted. 

Tor three rea.so»s the piognosis is less fai orable than for ««■»• 
nigitJS originating in the other .shmses. ( 1 ) The diagnosis of a 
sphenoid infection mas be diificnlt, hc'cause frequently no pus h 
.seen in the olfactors fissure or cpipharynx and \*Tn)s may fail to 
disclose msoUement of the sphenoid sinus. Thus, the diagnosis is 
often made late. (2) Tlie symptoms of incipient meningitis m.ny 
be inconspicuous until suddenly the meningitis becomes manifest. 
This happens particularly in old persons, in uhom diabetic coma 
or cerebral apoplcss is often diagnosed and only at autopsy Is 
meningitis originating in a sphenoid sinus recognized. (3) Sur- 
gery is not as elli’clnc as in the other sinuses. Surgical treatment 
consists of endonasal opening of the sphenoid sinus and stripjiing 
of the mucosa. Kxposure of the dura is not feasible. Some sur- 
geons curd the marrow of the sphenoid body when there is 
osteomyelitis I ha\e nescr pcrforinesl this operation. 'Ihere is a 
possibility that curettage encourages spread of the osteomyelitis. 
.Sinee these operations are not radical, consersathc treatment is 
of ntinosl iinportanci*. 

MtniUanj sfiuis.— Primary tiicniiigitis probably does not occur, 
meningitis front iiifeclimis of the maxillary sinus almost invari- 
ably being secondary, 'flic infection cither travels through the 
sinus nx>f and causes nrliital phlegmon and cavernous thromlxisis 
or travels through (he {xisterior sinus wall, enters (he pterygoid 
fossa and spmids along the blood vessels and iierv e sheaths in the 
ptcrygnmaxillary fossa toward the meningi-s. Ilie infection may 
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cause osteomyelitis at the i)asc of the skull, ihromhosis of the 
middle meningeal artery, cavernous tlirombosis and meningitis. 
Spread along the second pathw'ay is not common; it occurs occa- 
sionally when an infected maxillary sinus is pnnctiiied «md the 
needle perforates tlie posterior srall of the sinus. In meningitis 
originating in the maxillary sinus, surgery is useless; the only hope 
is in chemotherapy and the natural resistance of the patietit. 

Nasal cfluitt/.— The importance of the nasal cavity as a source 
of meningitis is not fully appreciated, althougK instances of this 
type arc by no means rare. The infection travels along the sheaths 
of the olfactory nerve which run tlirough the foramina of the 
cribriform plate and carry die infection from the olfactory inem- 
hrane into the suharaclinoid space (Fig. 58). This follows surgi- 
cal injury’ (p. 254). It must be strongly emphasized that in a 
case of definite infection of one or more paranasal sinuses, men- 
ingitis need not necessarily originate in the involved sinus, but 
may originate in an Infection of the nasal cavity wliicli tra\’els 
along the olfactory' bundles toward (he meninges. Tlic following 
case is an instructive illustration of this eventuality. 

A boy, aged IG, had had severe headaclies for two ye.irs. They 
were worse at night, often disturbing sleep. On June 12, after swim- 
ming and taking a sunbath, he had severe headache and fever. Symp- 
toms increased until June 15. when he consulted a rhinologivt, who 
diagnosed acute pundent infection of the right frontal sinus .and 
applied displacement treatment. Neurologic examination gav e negative 
results. Tlie following day the patient had a chill. On June 18, wlien 
I first saw the patient, he was drowsy and temperature was 104.4 F. 
Tlierc vv'cre definite meningitis and left facial paralysis. Thicic pus was 
notwl in the right middle meatus and pharynx. The left side of the 
nose was normal. The blood showed 4,500,000 erythrocytes and 14,100 
hmVocytes. Spin.il puncture yielded cloudy fluid containing many 
liiAncytes but no l^actori.i. Surgery was considered too haz.)rdoiis, .so 
nooprontosil, hypertonic glucose solution, intraspinal air inflations and 
hlo^ tranfiision were given; penicillin was not available. On June 19. 
there were bilateral alidiicens paralysis and left hemiparesis. Tlie 
p.dicnt died that evening, after an acute illness of sewn days. 

Autopsy revealed a large sulvdural abscess over the right cerebral 
hemisphere anil basilar meningitis, although the cerebrospinal fluid 



lNTL.\M.\fATOUY DlSl^ASES OF Li:i»TOMi:MNr.rs 
hnd not contained bacteria the day iKJfore deatii. Tlie anterior jvirtion 
of tlic sagittal sinus txintainwl an obliterating thrombus. Tlie otlifT 
dnral sinuses were iionnal. Tlie right frontal sinus was filled with 
thieV pus and the mucosa was brittle and inotllal grasish blicV. 
Tlu-rc was hyperemia of the mucosa of the left frontal sinus and the 
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rlliinoid and spluiioid $111051*% Tin* sphenoid unilatiutl a little mucus- 
Tlieso findings |x>intcd definitely to iiiciiingilis nngiiialiiig in infev- 
tint) of the right frontal sinus. Since thm* w.is iici osteitis of tlu" 
[xisterior wall of the frontal sinus it was assumisl that the infec- 
tion traM-l«l along the aiustumosing ti*ssrls fnim the siims iniiros-J 
to the dura. Mim«copic esuininatioii of the left frontal sinus re- 
M-aleil an acute innamiiulinti of the mucosa and of the fihrons lis- 
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sue wiUiiii some bone marrow spaces. In both tlljmoids the mucosa 
tras exceedingly edematous, but there was no destntetion of borie. In 
the right frontal sinus the mucosa was inflamed. In the posterior wall 
there was mild osteoclasis along the margins of the blood vessels and 
the connective tissue of several of these channels was inflamed, but 
there was no pathway of infection from mucosa to dura along tlic 
blood vessels. Tlie nasal cavity, however, showed severe iiiflammation 
of the olfactory bundles and the lymphatics of the olfactory membrane 
wlu’cli run near the periosteum and parallel to (he bundles; there was 
microscopic osteomyelitis of the cribriform plate, crista galli and orbital 
process of the frontal bone (Fig. ^), An interesting finding was a 
congenital dehiscence in the roof of the right olfactory fissure which 
failed to show signs of inflammation (Fig. K). 

Tins case proves clearly that meningitis may originate in the 
nasal cavity despite definite evidence of sinus infection. It also 
provc.s tiuit in instances of this type snrgcr)’ on the involved sinus 
is useless. A similar .sequence of events may also occur in infec- 
tions of the ethmoid, splienold or maxlllarv sinus. Acute infection 
of the nasal mucosa, in this case acquired by swimming, may be 
caused in other cases by a common cold or a minor endonasal 
operation. 

Tlie symptoms indicate a severe infection: headache, fe\er, 
chills, general malaise and, eventually, fulminating septicemia. 
The outlook is not favorable. Surgery in the area of the cribriform 
pl.itc is not successful. Sulfonamides have not been effective in 
my experience, and whether penicillin will improve the outlook 
cannot yet lie slated. 

Considering the frerjuenev of meningitis of ntisal origin, it is 
important in a given case to detenninc whether the meningitis is 
due to an infection of the nasal cavity or of paranasal sinuses. 
DiiTcrentiation often can I>e based on orbital changes, Orliital 
swelling indicates that the infection originated in the frontal or 
cllimoicl .sinuses (Figs. 52 and 53), and surgery’ is eventually 
indicated. In an occasional case of meningitis which originated in 
the frontal sinus orbital symptoms may be absent, but even in 
these ca.ses the patients complain of pain in the eye or give a his- 
tory of orbitid inflammation. On the other hand, in definite rhinog- 
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enous inentiigitis without orbital sjuiploms the infection probahK 
traveled through the cribriform plate or roof of tlie sphenoid, or 
both. If clinical and x*ra\’ examinations .show a sphenoid infetiion, 
surgerx’ on the sphenoid is indicated; if the .splienoid sinus is defi- 
nitely normal, snrgerx- is useless. 

CUnico! course.— Lite otitic meningitis, rliinogcnous menin- 
gitis may liavc cither a fulminating or a protracted course. Tlie 
former is commoner, partiailarly in cases of nasal origin, wliicli, 
before the advent of chemotherapy, lasted eight or 10 days or 
less. I have not obser\-ed a protracted case. In reported cases the 
mcningilis continued over a period of a year and occurred in 
chronic infections of the ethmoid or frontal sinus; the menin- 
gitis ran an intennittent course. 

I’nxm.NOKAi. MENtN'oiris 

ACtrrE SEIUH’S menivcitis 

A few c-ascs ou record supposedly prove that a hypertensbo 
pliasc of serous meningitis may be caused by an Infection of 
the tonsils or nasophar>*nx. Paplllctlcnia, increaswl cerebrospinal 
fluid pressure and a slight infection of the tonsils or nnsoph3r)'nx 
preceded the .svinploms of intracranial hypertension. In none of 
these cases was an inflannnator}' stage noted. I doubt that the 
hypertensive serous meningitis was caused by an infection of the 
pharj’nx and assume that there was merely a coincidental associa- 
tion of the hvpertensivc phase and pharxngcal infection. It is 
possible that a ssstemic infection such as influenza, a common 
cold or scarlet fever causesl Iwth the hypertensive slate and the 
pharvugeal Infeclion. 

Tlvc pathogenesis is eiitircK different when a pharvtvgcal in- 
fection enters the pharviigomaxillar) space and causes septicemia 
which, in tnn», gives rise to serous rnenliigilis. It is amazing that 
cases of this tv’pc are not more common, since serous mcningitb 
is not rare in systemic infcclHms. Tlie serous meningitis in these 
cases is the inflammatory type. Wielhcr there is also a li)pcr' 
tensive state is not knovvii. Tlie following case is an Interesting 
example. 
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A woman, aged 43, had an infection of the left pharyngomaxillary 
space after tonsillitis. Three days after onset of the tonsillitis there 
was a picVet-fencc temperature curs'c, and tsvo days later she became 
delirious and >eas hospitalized. Tlrprc were swelling in the area of the 
left tonsil and soft palate, grimacing, dysarthria, abditcens paralysis 
on the left and paresis and ataxia of the riglit ann and both legs. 
Tone and rc(le\cs w’ere diminishetl on l)oth sides. Three days later tlie 
nodes in the left mandibidar angle were ssvollen, but there s\as no 
trismus or tenderness along the sheaths of the neck vessels. There 
was marked swelling on the left tonsil, left palatopharyngeal fold and 
lateral wall of the pharj’nx on the left. No pathologic change was 
visible in the larynx. There was paresis of lateral movement of the 
c-yes to the left and upward. Speech was conspicuously altered. The 
blood showed moderate leukocytosis and the cerebrospinal fluid 
showed a slightly increased globulin and albumin ajntent Operation 
was refused mid chemotherapy was not available. The next day the 
swelling of the lateral wall of the pharynx increased, and there were 
convergent strabismus and a positive Kemig sign hut no rigidity of tlir 
neck*. The patient died in the evening. 

Autopsy revealed a well encapsulated abscess the size of a walnut 
in the left pharyngoniaxillar)’ space. Streptococcus haemolyticus was 
found in the pus and blood. Tlie spleen was enlarged, and tliere were 
signs of recent hemorrhagic nephritis and jaundice. The hrain was 
h)pcremic and edematous. Microscopic examination confirmed the 
diagnosis; there was no encephalitis. A diagnosis of encephalitis of the 
pous bad been based on neurologic .symptoms, when probably the 
s)fiiptoms were caused by brain edema due to pharyngeal septicemia. 

ACUrr PUlWLnNT >tENtNC;iTIS 

A pn'niarv' type of meningitis occurs when a phlegmon of liic 
pharyngomaxillary si^ace causes osteomyelitis of the sphenoid 
bfxly which, in turn, involves the nieniiiges h)’ contignitv-. Such 
cases arc rare. When they do occur, (hey cause cavernous throm- 
liosis first, then meningitis. The common type of pliarvmgeal men- 
ingitis is secondary to infections of llie veins and large dural 
s'uniSQ!,: tltc veins of the pterygoid and carotid plc.xus and the 
longitudinal superior, lateral and, particularly, the cavernous 
sinuses. The initial stage of meningitis is obscured Iry septicemia. 
Tile septicemia is not necesvarily associated with high fever; 
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occasionallv tliere are only slight rises of temperature, hut the 
patient’s general condition goes rapidly dou-nhill. In any case. Ilic 
patient is acutclv ill, and svioptoms of jneningitis often Ix^toine 
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exident after there (s no hope of instituting effective Irejitnu'iil. 
Therefore the projKr (mie for siirgciy is vvlien symptoms indicate 
th.it the phlegmon of the phanngonmillarv space has taken an 
ascimding timrse (p. 220). Even in these instances chemotherapv 
vvithont snrgen might prevent the phh-gmon from entering the 
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crnnial cjivit)’, but it is apparently safer to operate and tlien to 
give cliemotherapy, Jiecaiisc the intracranial complication may 
advance without causing alanning sj-mptoms and chemotherapy 
may mask the insidious progress of the infection. 

Tlie operation, performed under ether anesthesia, consists of 
drainage of the pliaryngomatillary space (Fig. 66). The incision 
is made along the anterior Ijorder of the sternocleidomastoid 
innscle. The stylomandibnlar ligament between the parotid and 
snbmaxillary glands is perforated by a dilator introduced forcibly 
into the pharyngomaxillary space with the tip directed toward 
the tip of the nose. This is a simple operation when the anatomic 
landmarks are not obscured by pathologic changes. However, 
pathologic changes usually interfere. The lymph nodes arc swol- 
len, the connective tissue may be edematous, or there may be 
adhesions between tlic Impb nodes and salivary glands or sheath 
of tlic blood vessels. Occasionally tlie findings are so confusing 
tliat the submaxillary gland must lie removed with the adherent 
lymph nodes in order to expose the stylomandibnlar ligament and 
plunyrngomaxillar)’ space. Tins, however, should not be a routine 
procedure. 

If the anatomic landmarks are obscured the superficial fascia 
of llie neck must be incised and the posterior belly of the digas- 
tric muscle exposed. Tlie muscle is followed to its tendon, where 
it is perforated by the stviohyoid muscle. Above this muscle the 
pharyngomaxillary space can be entered. Retraction of the sub- 
maxillary gland forward in a submental direction removes the 
external m.'ixillarv artery from the surgical field. The .sheath of the 
great vessels should be exposed extensively and adjacent binph 
nodes removed. If the sheath is apparently normal, further expo- 
.sure is not retiuired. A necrotic sheath must he incised. Further 
procedure depends on the changes of the wall of the internal jugu- 
lar vein. If it is inilamcd or covered by granulations or if it is white 
and thickened but no thrombus can lie felt, the tentative diagno- 
sis .should be periphlebitis. In lliis case there may be fever but 
no chills, spiking temperature or other symptoms of septicemia. 
Simple exposure of the area of periplilebitis and chemotlierapy 
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w ill cljfck a(K aiicH? of iho infocHoii. If cliiiiwl s\ niptonis nf sopti- 
cx’inia art' present, llie \ciiJ .should he ligated below the itt\ol\«l 
area or the insob eel portion of the scin should be resected. 
Frophs lactic mediastinolomy is seldom necessary because the 
puntlcnt exudate rarely gravitates from the pliaiyiigomaxillm 
space into the inediastiiniin. 

Occasionally the infection of the pharjaigomaxillary space in- 
sobes the mtcnial carotid arlerv, Tlie progrosis is extreineh 
gh>oin\ because bcmoTihagw may occur into the pharxiu or in- 
fecic'd eiulxdi iua\ be cairiwl into the brain, eatisiiig metastatic 
brain abscesses. The c-ointnon carotid arters' must be ligated. 

Ti'ufjmx'UH'S MirxiNoiTis 
SYMPTOMATOl/X'.Y 

Tuberculous jm*ningHis may occur at anv age l)«it is most com* 
mon in cbildren duritig the first four sears of life. Often there is 
an insidious onset, with preliminaiy symptoms ineludiiig cuio- 
tinnul inslahilily. irritability, dislike of plav, restless sleep, Iieacl* 
ache and nausea. This phase may last one to two weeks and b 
follossed by a miinher of new symptoms, including intense head- 
ache. soniititig, tonstipatioir. dizziness, moderate rise of tempera- 
ture and pulse rate and p;un in the liack, extremities and alxh)- 
nien. These symptoms indicate the actual onset of infection. 
Seseral days later the Infcelioii iH'conies jiianifesl, with positise 
Bnidzinski, Kcniig and Dabiiiski signs, rigiditv of the neck, co«- 
snbions, temporary stujwr. difference in size of the pupils, photo- 
phobia, absence of kmv jerks and alxlominal reflexes, Iwitchini! 
and screaming Tescr may lx‘ remittent or inlennilteiit. The piilw 
rate is frcxjuenlly irregular in rhythm and forex*. Ahont a ucek 
later the p.ilient lx*comes comatose, the temperature is high and 
tlie pulse rapid and paralyses luxomc more c\ ideiit; there m.iy lx* 
ptosis, stnihisiims and nystagintis, scaphoid alKloinen and lieatl 
retraction, and emaciation is niarksxl. lliis phase may cxHifiniie 
for .seseral days, until death. 

Di’siations from this tspical txiurse are not uncommon, Tlie 
tsHirse may lx* protnicl<xl or lincf. \\1ien protracted the Infetlinn 
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contijitfo for tw’o lo five months. In sucli cases there ina}’ he 
onl)' a few signs of meningeal irritation; tlie ttwperatnre may 
ihietuate between 99 and 100 F., and foca! brain symptoms sug- 
gesting brain Inmor ma)’ be the most important manifestations. 
In otlier eases of tin's tj’pe a remission for several da)‘s or ses eral 
^sceks is follosved b)’ reappearance of the meningeal s\ niptoms 
and death. This protracted t)’pe occurs not infrcqnentlv’ m adults-. 
When the course is fulminating there are no preliminars .sj'inp- 
loms, but instead a sudden onset with somno)ence and delirium, 
convulsions or aphasia and hemiplegia. The disease lasts only a 
few days, and in one case on record death occurred 39 hours 
after onset Allliough the fulminating course occurs most often 
in young children, it also may occur in adults. 

In a man, aged 54, with syphilis, tuberculous mcmugitis causci! 
high fever, headache, backache, sleeplessness and stupor at die onset. 
Dflirimn developed rapidly, and in siv days lie died. 

A woman, aged 40, had an acute exacerbation of chronic otitis on 
the left. She complained of dizziness and \omited frequently. Suddenly 
she became unconscious. On admission the left external auditory canal 
was filled with fetid pus and the drum membrane could not be \isu- 
al/red because of narrowing of the external canal. There were spon- 
t.inrons .secon<l degree nystagmus, hy'peralgesia and tenderness of 
Ixith malar hones and the posterior cranial fossa. Tendon reflexes were 
absent; there was no Babiuski reflex or unkle clonus. The loft cheek 
was swollen and the skin cyanotic, and there was a draining sinus in 
front of the left tragus. Below the left ear were scars. The temperature 
uiis 103.4 F. A radical mastoid operation was performed, and a large 
area of necrosis was discovered in the regioii of the custachi.m tube. 
Dura and leplomeninges were hyperemic. Tliree days after tlic opera- 
tion the patient died, following an illness lasting about 10 days. Au- 
topsy revealed miliary tuberculosis, luliercidoma of the left cerebral 
hemisphere and acute cerebral edema. Microscopic examination of the 
brain, whicli unquestionably would Iiave revealed tubcrcidous mouin- 
gilis, W. 1 S not performwl. 

The cerebrospinal fluid in lulierculous meningitis presents the 
following features. Pressure is over 300 mm. of water .at the onset 
hut decreases in the phase of coma. The fluid is clear or like 
ground glass and colorless or faintly xanthochromic owing to 
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piinctale meningeal licmorrliagos or stasi«. Vcr)' cloudy fluid imii* 
calcs piindcnt meningitis. On standing a pellicle forms consisliiiji 
of fibrin, cells and sometimes tulvrcle Ijacilll. The cells are in- 
creased Itt number, varying between 25 and 500 per cii. mm. 
willj lymphocytes predominating. In the incipient stage the num- 
ber of cells may be normal, altiioiigli the protein c*ontciit is in- 
cre.»sed from 45 to 500 mg. and the sngar and chloride contents 
are decreasetl. The protein increase is particnlarly markc<l if there 
is .subarachnoid block, Imt there is no direct relation liclwcen 
protein content and progress of infection. The sngar level is 1)C* 
low 43 mg per 100 ec. or, occasionally, is normal or, at the onset 
of the disease, even increased. The chloride content i.s slriklngb 
reduced below 630 ing. per 100 cc. The lactic acid content is 
usually increased, and colloid gold test shows a mild inkUonc, or 
no. reaction. Tubercle bacilli arc found in about 50 per cent of 
casc.s, although frerpiently most careful se.nch of the pellicle Is 
rerpiired. The blood may show iiKKleratc leukocytosis, 

mKFEUBNTIAI. OIAONOSIS 

Hegardlcss of the course the meningitis lakes it sometimes 
interferes with the diagnosis of a common intracranial eomplica' 
lion. I li.ue considered tuberculous meningitis too often when 
the patient svas a cliild and too rarclv when the patient was an 
adult. Difficulty arises p.irticularh in infections of the ear; liil>er- 
cnlous ineiiingilis rarely iulerfere.s with the diagnosis of a rhinog- 
eiious cornplic-ation. With ear infections associated with tnhercu- 
Ions meningitis, the following obscn’alions suggest correct 
diagnosis: llie history of tul>crculosis as given by the patient or his 
near relatives; the patient 5 age; the finding oi InberenJosis in the 
botly, particularly in the choroid, the large iiuinher of lym- 
phocytes in the cerebrospinal fluid in the presener of progressive 
meningitis, and the eventual finding of Koch’s bacilli in the t'cre* 
brosplnal fluid, rretjiiently the ear fimliiigs are helpful. Piiniloiit 
meningitis must be considered in tbe presence of an acute esacer- 
bation of chronic otitis, acute otitis xvilli surgic-al mastoiditis or 
a highly vindent acute infectiun ebaracteriyed by profound d<-.if- 
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'.ss at tlie onset, peisistent fever, involvement of tlie skin of 
le bony external canal and inarkctl pain despite satisfactory 
rainage. If in the presence of increasing meningeal symptoms 
lesc car findings are lacking, pimilenl meningitis is nnlikelv and 
lore time sliould be taken for seardi for tHberciilons foci. 

Tuberculous meningitis occasionally causes symptoms of brain 
l)scess, particularly in adults. Evaluation of the internal, neuro- 
3gic and otologic findings will aid in correct diagnosis. If this 
ails, encepbalograpliy max' be successful. 

pnocNosis 

Tnbercnlwfs niennigitfs is almost aKvasis fatal. Recoscr^ ts 
exceptional. 

TnEATAlENT 

In the presence of tuberetdons meningitis surgery on the ear 
slimild be avoided because it ma\ hasten deatlu Treatment is 
strictly conservative. 
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CHAPTER FIVE 


Brain Abscess 


TATIIOLOOV 

A ™a.n access is a localized accmmdation of purulent cAudato 
in the white matter (subcortical abscess) or cortc\ (cortical ab- 

abscesses arc caused by(l)iufection^ 

tiguity and continuity. (2) metastasis and (3) injury 
A^rdiiig to Koerner’s doctrine, that otitic 
velop at the site where the temporal bone infection comes in 
coiitLt with the skull contents, otitic brain abscesses “ ^ 
ill the temporal lobe or cerebellum and rarely in the pane al or 
occipital lobe, whereas rhiiiogenoiis abscesses are located c 
fiontal lobe. A rhinogenoiis brain abscess is j 

temporal lobe except with infections of extremely 
bilUISC'S which extend far latcralward to the temporal lobe ( 'li,- 
21, p. 74). Otorhinogenous abscesses aie, therefore, in mo 
stances ''adj.acciit" brain abscesses. . r tmlli 

Otorhuihgenoiis abscesses are usually due to 
euiitigiiity .and eontinuity, witb the infection tniveling pa t oHl e 
svay by Ltigiiitv and the rest of the xsaiy by ,'^“'"■"''2; . 

brain abscesses originating in a sinus thrombosis 
due solely to infection by continuity. ^1- 
spreads into and along the tributary vems o ii.romho- 

infeclion invading the brain (p. iJxi)- ccrcbcl- 

phlebitis of the laterai sinus may cause an absecs 
liim-, less frequently it causes an abscess in the oceipitai lobe 
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nlong t!i(j vein of L:ibl>e (F*ig. 7, p, 18) in tlie tcnipor.il loU*. 

With .1 brain absct'sv origiiuting in an infection of tlic hin- 
p.inic cavitx or paranasal siimscs tlie infection travels primarih 
through the Ikiuc, uieniugos luul iiitcrtueiuugcal spaces to the 
liruin. On p.issing through the hone and intcrmcningcal spaces 
the infection causes certain changes svhicli for conventenee nm 
he fJillcd prcliniin.ir\- changes of hniin .ahscos. 

Prclitninanj r/iongcs.— Tliesc changes are important to the sur* 
goon becjiuse they guide, and occasionally misguide, him in the 
search for a brain abscess. In a suspected case of brain abscess 
inspection of the hone ami dnra may disclose no gross patliologs 
or slight or marked pathology. Evaluation of the findings is dif- 
ficult. The finding of onK slight changes at operation does not 
justify the inference that the jiathologie process sya.s slight during 
the entire course, for the changes may base been market! in the 
initial phase o! the brain abscess and subsided spontaneously with 
furtlicr advance of the cerebral infection. On the other hand, 
striking cliangcs such as suMunil empyema or localized incnin* 
gilis do not itnpl)' that they necessarily preceded fonnallon of the 
brain abscess. They inav be sccoiKl.ir)-, caused by esp.aiision of the 
abscess toward ifie surface of the brain. For this reason, an analy- 
sis of the preliminary changes of otorhinogenous hndn abscess Is 
iiecess.iry, although hspotheses often must serve in place of actu.il 
knouli-dge. 

An infection originating in the tvinpanic csivils or paninas.il 
sinuses sshieli is destined to enter the hniin meets its first inipedi- 
rnenl in the bone. This mav Ik* osercoinc by infection by con- 
tiguity or by coutinuitv. In the former Instance the bone presents 
striking pathology— osteitis, necrosis or ywjueslraUon; in llic lat- 
ter the hone prcsciiirho’gross changes. The incidence of one or 
the other finding, as noted by s'arioiis surgeons, varies widely. 
For example, in nn experience llic Imne was grossly nonnal in 
70 per cent of c'crchral absc<*s$cs and 75 per cent of crrelK-lkir 
.abscesses and was grossl) ins-oKcd in the rest of the csiscs. How- 
ever. some Statistic'S show exactly the op[>ositc dlstrihnlioii, Ap- 
|urenlly these statistics are liased on a comp.irati\eIy .small niim- 
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her of cases inul often lack the distinction between cerebral and 
cerebellar abscesses or between brain abscesses following acute 
or chronic otitis. The fact of practical importance is that the hnd- 
ing of grossly ii orniiai bone aT^eration ^oes not exclude brain 
abscess. 

^oTc^i the dura the infection advances along one of two 
pathways: either it travels directly along the anastomosing blood 
vessels, i.e., by continuity, through the dnra or it .spreads between 
dura and bone. In the first instance the dura appears to be iionnal 
or h)’peremjc, but there is no external pachymeningitis. In the 
second instance there is definite cxlenral pacitymeningitis and, 
eventually, an extradural abscess. Statistics concerning the fre- 
rpiency of external padiymcntngllis vary considerably. In my ex- 
perience extemal pachymeningitis was found with 56 per cent 
of cerebral abscessc.v and 64 per cent of cerel)ellar ai?scesses. 
Again it must bo emphasized that other surgeons have reported 
exactly the opposite for reasons previously mentioned. However, 
the confusion is increased because many surgeons fail to differen- 
tiate extemal pachymeningitis in the area of the brain abscess 
from tliat remote from the abscess and active pach)7neningitis 
from remnants of external pachymeningitis. 

For example, in a case of brain abscess caused by rlitnogcnous 
osteomyelitis of the skull, there was extensive external pachymeningitis 
in the parietal lobe, but the brain abscess was discovered at the base 
• oi the front.'il lobe beyond nonn.al dura. 

Also, there may be external pachymeningitis in the posterior 
cranial fossa and an abscess in the temporal lobe. Extemal pachy- 
meningitis remote from tiie brain abscess cannot he considered a 
preliniinajy change, and sweb cases were not included in my 
aforementioned statistics. Come<iuently, the surgeon should be 
aware (1) that the dura c overing a brain abscess is often grossly 
nonnal and (2) that ex tcni ^^padi>TOening i ti^rloes jioj ncce^saril}- 
indicate a brain ^isccssTirthis area* JThe finding of normal dura, 
ho\veve^~3bcs not prove that there was never external pachy- 
meningitis at this site. Brain abscesses caused exclusively or 
mainly by infection by contiguity' may have a long pcrio<I of 
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quiesccncf, during which cAtcmal pacimucningilis may uniltTgo 
spoulaneoii'; cure, leaving a llitehcning of the bane or cUira. ad* 
hesions helween hone and dura or, occasionally, grossly nonrcil 
dura and htme. There is always cxtcnia! padiymcuiugitis if the 
hone is grossls tnsoKcd, and there ma)’ also he estenial pacliy* 
meningitis even though at oiK'ratioii hone pathology is not notnl 
111 the area of the ahscs^ss. 

The manner of spread of the infection from the outer l.wet 
of the dura to the pia K largch h\pothctic-jil. Tlie iiifcclioii nuy 
Iras el either h) contiguity or along the hbod vessels from the 
outer dural laser to the pia. Tlie latter seems to he the princip.i! 
route. In fact, infections winch travel hy contiguity from the ex- 
ternal las er of the dura to the pia cjuisc not actual hralii ahscvss(^ 
hnl internal pach\ meningitis and cortical ulcerations of ihelnain 
(cortical aliscesscs) if they reaeli the hniin at all. In sulieortical 
abscess the lufecliau usualK travels along the WoskI vessels 
through and bcvoiid the dura, for this reason, dural fistula of 
necrosis does not ocair. Conserjucntly, if necrosLs or a fistula of 
the dura is present, it is usually due either to siihdtiral einjnenta 
ortoespansioii and rupture of a brain ah,see.ss (p. 311), hut not tn 
preliminary changes of lirain aliscess. Also, marked inlcmal 
p.ichyiiieiungilis with or wilhonl sulxlnral empyema is not a 
prelmiiiiarv change, hut may he due to rupture of an abscess info 
the subdural sp.KX‘. Xes'crthelcss. a mild infection of the internal 
hiyers of the dura and leptoiucniiiges is ijuite in keeping with tlir 
geiieml character of the prcliminarv changes*. This mild infection 
may subside sponlaneouslv or may leave adhesions helween the 
dura and ara(.luioid orlietweeii dura, araeliiiotd and brain, ^^^lell 
tin* infection has spread so far, the preliminary changi's are com- 
pleled and the way is open for iuvusion of the brain. 

Foniuitioii of stihcorticat hrain rrhscesf.— SulK-orlieal brain ab- 
scess is due to iiifeelion hv continuity, the infection traveling from 
the leptomeniiiges along the blood vesscK to tlie brain. Some 
authorities state th.il the s|)r('ad mav occur hv perivasciihir infd- 
Inition, by venous thronilmsis or by arteritis. Tliis opinion is 
Iwst-tl nil the inic-roH-opie ex.iniifiatioii of full-blown abstvsses In 
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wJjicli conclusions conceniing onset of the abscess are impossible. 
The few bruin abscesses which have been examined in the in- 
cipient phase prove that the infe ction spreads along tlie vei ns and_ 
tliat llie art erioles are ra rely involved^ The spread apparently 
occurs in the vascular sheaths as well as within the \’eins. Often 
tire s'eins in the deep layer of the corte.v and white matter pre- 
sent striking perivascular infiltration, whereas such infiltration is 
almost or wholly”absent in veins elsewhere through the ccrc- 



Fic. O/.—CortJcfll abscfss nf cerebritum (K). 2. drnbte nuclciB (After Crrtl>- 
s^licid.) 


hral cortc.x. This Indicates that the jncipicnl phase of I>ran} ab- 
sco ss pn'marily i nvo!ve.s tfie while matter ant! eventualb the deep 
cofftSl jayer s ndfac^t to the white matter, but not the rest of 
the ct'i cbral cortex. Tlic infection in the white matter causes local- 
iVcd encephalitis wfiich is nonptinilent at first but soon becomes 
purulent if the infection is virulent. / 

In contrast witli subcortical abscess, ibc cortical brain abscess 
(Fig. 67) is not acluallv a brain abscess but an ulceration of tbe 
cvrobral or cerebellar cortex which may extend down to (he white 
matter if the infection continues for a long time. Because the cerc- 
hral and ccncbellar coitcx'cs liaw a rich blood .supply (p. SI ), a 
cortical abscess can be formed only xsitb infections of long stand- 
iug. such as protracted .sinus thrombosis or internal pachymeningi- 
tis caused bv chronic otitis. There is mually a fistula of the dura 
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or crrcbral will of llie hitcnil sinus uliicli loads into the* wirlifa! 
abscobs. Till* abscotiS is swrrovuKlcd by (inn adhesions ssluch arv 
scijuelac of an infection and which fasten iogelher dnra.'Iopto- 
meninges and brain, hot it is ncvej^^<g])snlatcd. A c'ortical al>- 
s«'ss of this l\[ie ma\ drain spontaneously into the latend sinm 



Fk. fW— A csiU altH-TM «■( it-U'tirlluin (A1 sshuU al o,, O/ anti «ij 
lim.irtl (In tTfrU'Il.ti iurtcs < rf > ■simI jI h, b^, h,. b^ and b^ cslftxl^ liiwjnl I'"' 
ni.ittir Ffimi i lo iIm-tp k w* wrclwlljr ti'rlr^ Hk' wMIp nultfr •' 
aiKl ot'crrxl wnlK p<i» T»ir •nt.iHbrs alt'it-t* ( n J <-xU'i*di limartl t'-- 
cranuLtf mm •'! tljc iirrU* <<;) m nxikxiil.ir li>rt «>f irrt Ullir oirlft, e. pini- 
km rncviihalilli. Ii, rrtrot liilu wlittr niilUf t Ijfctxl 'itM-ls «■<<>> 

j>ris.«*tiilir InWlrjliiiii < iM>npindi ill rmtplulilU) rrrmilr fnn'i d»-' 

or mastoid and esentualh iiiHlergo<‘s spontaneous core providwl 
it does not extend tixi (U'eph into tlie wliite matter- Cortical ah- 
s«‘5sir> atiLOOt common. 

/le/Kmtion of aculc hraht <ib\cr\% —A «il>corlical naitc brain 
abscess i-spands primarih at the cx|X'n'e of the uliile matter, 
'fin* inflammation spniids into the wlille matter and causes (!) 
small abscesses near the pnrnarx abse-ess ca\it\ and (2) pimileiil 
or nonpundent eiieephalitis sshich iius spread user large areas 
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of llie cerebellum or ibc involved cerebral lobe (Fig. G8). The 
small abscesses eitiier displace or destroy t))e fibers of l)je wliitc 
matter and ultimately rticrgc \rith the original abscess, causing 
diverticula and pockets of the original abscess or become sep- 
arated from it and form a second abscess cavity. Tire grav matter 
of tlie cortex, the coipus striatum and the dentate mielcus offer 
considerable resistance to the spreading infection, probahls 
o wing jo^a rjcliji ^od sup ply. However, gray matter co\cring the 
aliswss which appears to be grossly nonnal may show microscopic 
evidence of degeneration and necrosis. 

Contents of brain abscess.—TUc abscess contains pus winch is 
creamy, or mucous and tenacious or crumbly. In some cases, 
particularly in anaerobic infections, the purulent exudate is 
extremely fetid and contains, fragments of necrotic brain tis- 
sue. U.sually streptococci or stapliylococci are found, and oc- 
casionally pneumococci, Bacillus coli, B. pyocyaneus, B. proteus, 
B. pyogenes foclidu.s, meningococcus, gas-forming )>acteria oi 
D. ftisiformis. In one cerelicHar abscess I saw fusospirochetal 
organisms; the infection was rapidly progressing and did not 
show the slightest tendency to production of connectise tissue. 
Search for anaerobic l>acleria is of tJie utmost importance, par-) 
ticularl^'JnJjrain abscesses omctl In' cholesteatoma of the t)™-} 
panicjiiyi^ OfteiTtb^pus is reported to he sterile because olj 
fnimre to search for anaerobic bacteria. 

The punilonl e.\udate of a chronic brain abscess caused by 
chronic otitis or sinusitis usually show's a inivcd infection. Acute 
abscesses, particularly tliose caused by an acute infection of the 
ear nr paranasal sinuses, commonly contain only one strain of 
nilcro-organi.sm. 

bV/ff? of the brain abscess.— These consist citlier of necrotic 
hniin tiss\ic or of connective tissue. Necr otic brai n tis sue is found 
hi acu tclil^ccs scr'anT^ u'nectivc tissue in chronic al^ccssos. 
MfcrbScopic^Us^ie watT^f an acute abscess presents various 
structures. U.sualh' lliere is a layer of frank pus which gradually 
passes into an "infiUfatio'n zone.” In "tlifs irone are protoplasmic 
glia cells, perivascular infiTlralion, cvenluaUy small abscesses, a 
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Cirn il 1.11 « r <'( c ijiMifc. (-ixitainiHK cir.il immlirf of fitixif irtv K f Wf. li'l**’' 
Linr, nliuli ii iifirtiiu. willi pTlium (rUavii iiilii iaiit> foritmia ilil'f'* 
ifi ilmiHinliitii IxliM'iii tlw Imii ol>. 'null to v!»c f*f. 

linn iLiiiif nil ciiilMtIi- of i 4 |Miil(. r. luiniUiit I Mill ill ID .m .Hull* tillin' *"'* 
nMiiuliiiK llir ilif'Hiu lCmii|Mr> mill Fi« Tl ) \( r llir i- 4 j'»iiti n ll'*"- 

tniiKir prolifiTiition of gli.i. Iliesc ti^sur^ ultiinalch form a capMilt’ 
aroiimf ab-icrs^Tliorc is <-xjKTimfnlal rvidrnw that rtic'njnii' 
lalion lH*j»iririir(lu* crri'Iinil ttirlfx or m-itr il ii> the uliitc tn.Ulrr 
aiul occurs last in tltc dcfjM'st segment of the abscess near the 
xentncle. 'llie t-apsnfe (F>}I fWt nm\ hej etn jhi ch at sotne sites, 
sshde consisting of onU a few fibers near the sentriele. I’resence 
of a t-apsnle does not indicate definite cure of a brain al»sc<‘ss or 
e\ en rlefinite tnterruplion of the inllainniation. 1 his is part iciilarb 
tnie in otorhinogennns brain aiisci'sses In metastatic aliscesses 
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e micro-organisms miiy lose their vinilcnce, in wliicli event the 
psnlc may l>ccomi* calcified. Tlris almost never occurs in oto- 
inngenovis abscesses, in which the capsule is not ii stable struc- 
irc. There arc almost continuous c)»anges both inside and out- 
dc the capsule (Fig. 69). The pumleiit exudate max invade the 
mer layer of the capsule, causing necrosis and rendering the 



Pif:. 7(1.— Vcnlnctihr fisInU in IcroiXTsil Inijc atm'ess (AJ T. filirm ijamcr. 
ttioruKl pk'xus; c, p»iriik>nt exudate in infenor liom of xenlrkte, a, littHxl xex- 
x4( witli ivnxascxilar intillMtiim, 6, brain eilcina. Am, conui Aminnms 

capsule tliinner and tlie abscess cavity larger. Thus, the chronic 
abscess expands by gradual oulxx’ard shifting of the capsule, and 
owing to this tx’jx.* of expansion loculaliori_JsJe?s^wnirnpn__iii 
c hrOTic t jia p, in acute abscc-sses., Fretpienlly tlic necrosis involves 
noTonl^he inner hner but the entire thickness of tlie capsule. 
In tliis event a fistula forms, and the pumlent exudate leaks eitlier^ 
into^t hc x'cntriclo or into the sulMltiral and/or suba rachnoid space , 
hi the first instance there Ls a “x'cntrictilar fistula” (Figs. 70, 8-1 
and 8S) and in the second a “brain-dura fistula" (Fig. 71). The 
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infiammati on may also extend a lon g the b lpqcLyessels from the 
iniieTToTIiG 0 )->te r li ^r _o f^th&^caj)5tile (^ig. 69) if the micro- 
orgiimimshTthe abscess are highly wnitent. Inflammation of the 
outer layer may serve as a source of infection whicli spreads into 
the surrounding brain tissue, causing brain edema, nonpurvilont 
encephalitis or an acute abscess. Jn the last instance tlie acute 
abscess incorporates the chronic encapsulated abscess (Fig. 71). 

To sum up, acute abscesses spread like a phlegmon, whereas] 
clironic abscesses expand l ike certain types of Ijrain tumors. For| 
tliis reason', clironic cerebnu^*scSsesTre^ien'tI^ausel,ymptoms 
of intracranial hypertension, particularlv decrease in size of the 
ipsilaleral ventricle and increase in size of the contralateral seii- 
tricle. The contralateral hydrocephalus is probaiily caused bv 
pressure against tiie midbrain, winch cannot be displaced because 
of the incisura tentorii. For this reason, fluid escapes through the 
sylvian aqueduct only if ventricular pressure rises considerably. 
Tills baclqiressure acts equally in the ventricles on the two sides, 
causing ventricular dilatation. But on the involved side the 
increased pressure caused by the chronic brain abscess counter- 
acts the tendency to dilatation of the ipsilatcral ventricle, while 
the lower intracranial pressure allows dilatation of the contra- 
lateral ventricle. In the .same manner, in c lironic cerebellar ah- 
sms- Jhe ventricles on both sides become dilated (p. 53). Not , 
infrequently the pressure on the midbrain causes a cutting of 
the cerebral peduncle of the opposite side by the sharp edge of 
the incisura tentorii. This may result in pyramidal symptoms, in- 
cluding paresis of tlie extremities on the ipsilateral side, v- 
Tlicrc is a question regarding the lime required for formation 
of a grossly visible capsule. Some authorities claim that a capsule 
can be noted about IT. days after the infectio n pf_thcj>rutn, while 
others state that the formation of a capsule 2-8 mm. thick re- 
quires seven to ten weeks. In olorlunogenou.s abscesses a dog- 
inatic Element regarding the stage of encapsulation to be 
expectwl at any given period of the infection is impossilile. Some 
acute a\)scesses do not present the slightest microscopic evidence 
of capsule fonnation even though, according to clinical symptoms. 
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the abscTS** has hccti present for four or fisc svceks. Other ath 
sccsses of the same duration may present a definite capsule, at 
le.ist near the cerebral cortex. 

The formation of a capsule is the result of the action of kie- 
leria on the brain tissue. TJiercfore cajssiilc fonuation dc^JciiJs 
on ( 1 ) thc^eneral resistance of lhc_ bosj, ( 2 ) the ts-jx* and \ ine 
leiice of the bacteria and (3) the underlying infection of tlie_ 
tsanpamc casits or paranasal sinuses. Resistance is an intangible 
factor not casiK measured and difficult to evaluate. As for the 
hacleria, some authorities claim that anaerobic and gram-nega- 
ti\e bacteria are poor capsule-fomiers. However, tins docs not 
indit-ate that the action of aerobic and gram-positive bacteria 
fasors capsule fonnalion in all circiinistaiices. Bacterial Wmlcacr 
varies, so that the same strain may cause different tissue rcoctinns 
iu the brain The underlying Ikmic infection also Iixs importatice 
in capsule fonnatiou. For o\ample. if subacute otitis causing a 
brain abscess uudergoss spontancHHis cure, in due time the tnn* 
panic infection will no longer interfere with the fonnatiou of a 
capsule On the other hand, if a cholesteatoma of the tynip.uiie 
cavit) has caused a hrntii abscess aud in a short period one ucute 
esacerbation is sticceciled by another, each acute exacerbation 
indicates a ness infection of the brain wliiclv interferes witli for- 
mation of a c.tpsnlc (Fig 77. p. 3-14). 

Ihdiii cilcina and /iingiis irrchri (livrntalion of liriihi}'-' 
Because acute abscesses Ii.ise no distinct limitations in the brain, 
lliey always cause mflamiuators tnlema of the adj.iccnt brain tis- 
sue ( Fig. 72 ). altlioiigli iKiciena are found onlv m tissue near the 
abscess easily The edema mas oxU'iid user large arexs. Occa- 
sion.ally s\ comparalisels small alisccss eiuises esleina of the entire 
ipsil.nter.il hemisphere ip >1 > Brain <*dciiia is not as iii.ukei! ssith 
chronic enc'ipsiilalesl ,ihwTssi*s as ssith acute abscesses and occurs 
only when there is nclise infLuiimati<in in the esteni.il hiyer of the 

<.Snny Mirc«'n* inlwtoi U rial ttlnn .H«l luiiffiis <'f llx' Tt'* 
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aUscciS capsule. Brain abscesses also cause sprcaditig encephalitis, 
which mav be iionptinilcnt or piinilenl. M1jcn piinilcnl the en- 
cc'pb.ditis may lead to fonnalioti of n second abscess. Tims mub 
tiple absccssi's fonn which are scjwralcd from one another h\ 
indaincd brain subslanc-c or by narrow cliannel containing ne- 
crotic brain substance. The cnccplialitis is more striking in acute 
than in chronic abscesses. 

Both brain edema a nd enccpbalitis a re oLti tmost in i|)ortanrc 
in the fonnation of fui>i»ii s cerebri {li crniati o n o f t he braiiTl r 
rungns cerebri occurs when there arc (1) an a^>crlurc in the 
I>one and dura and (2) increased pressure of the brain. \Vilh oto- 
rbinogenous abscesses the ajwrlurc is caused almost solely by an 
ojK-ralion. Punctures of the dura with a narrow* canntila and nick 
incisions rarely pernvit the formaliott of fyutg ns bec ause t he o pen- 
ings are too nar row, Howescr, a large dural opening is not always 
n^i^d; oceasionalK an opening 1 cnj._^in diameter.pcrmits a 
lieniiation the si/e of a tangerine. On the other hand, as lung us 
brain pressuTo js nonnal, e\cn large incisions of tbc dura will not 
cnwiinige borniation. iis'nnation occurs oidy with increased Intra- 
cranial pressure, although papilledema may be absent and spinal 
presstire norntal. 

Increase of brain pressure mas be caused by (1) ligation of 
tlie jugular seni. (2) hs droccplmlus, (C) meningitis, both serous 
and purulent. (-1 ) ri'tenlion of pus in a hrain ahscess, (5) forma- 
tion of a second hram abscTss. (0) hrain edema and (7) en- 
cephalitis IJg.ition of the jugular vein in the ahscnc-e of an 
ohhterating thromhus in the lateral sinus increases intnicrunbl 
pressure (p. -j.!) onU U’tii|>oninl> and does not cause perinanenl 
herniation of the hrain. f hdriKTpbalus winses permanent incTense 
of hrain pressure. For evimplc, if a chronic ccrelK’llar ahsms 
rausing hilaleral lisdrocepbalns is incorrecllv diagnosed as tem- 
poral IoIk* abscess, pitneliire of the temporal lol«* w-ill lead to 
licnilatlon l>ec:iiise of the lisdroci-phahis Such casis are not 
itimmoii Meningitis causes Iieniiation. but the fungus diHw not 
gross as rapitlK or reach sutb si/e as that due to hrain ahsnws. A 
rhroiue ahscess or retention of ptis in a previausb draiiu-il elirotiie 
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abscess docs nol caosc n large licmialion huIcas there is ciiwpha- 
lills. The fonnatioo of a second brain abscess may or may not 
ca»isc conspicuous heniialion. Ilowes'er, tniiltiple alisccsses arc 
not common its otorbinogciions infections, so that the most fre* 
sjuciU causes of fungus with otorluiiogenous abscesses arc brain 
t^lcma and/or eneeplialltis, tbe encephalitis being more iinpor- 
tanl than the edema. 

Herniation occurring imitiedialcU after incisioti of tlie dura 
is priinar) ( Fig. 73 ), and that occurring one or .several d.i\ s after 
in^SioiT'Is scc-ond.iry. Either may occur in otorhinogrnous ab- 
scesses. Tlfe pruua’ry ts'^ic is canset! especially by actile abscesses. 
Tlie presstire causing a primarx herniation mav I)c so powerful as 
to cause n htirstirig of the cortex of tbe protniding bniin. Ilernut 
^ tKm__in\^Nes the cerebnun more often tlnitt tbe torelMdlntn, 
• probably bccan'seHie cdcmaldns eerelwllnm can expand toward 
( the basilar cisternae atid foramen nwgnnm, thus releasing the 
Inlrncranla! ln|HTlcnsiotK 

Fungus cerebri may stcadilv extend, become necrotic. lj<'Com«' 
stiitlonar)’ or recx'dc spontancousK . If it extends it may pull on 
the rest of the brain, partietdarh the xentriclex, so that a ventricle 
bulges jnl(» the fungus. If the fungus Incomes necrotic tlu* ven- 
tricle may ruptvue lovs-attl the surface, witli establishment of a 
ventricular fistula. Tliis occurs particularly vs hen part of the 
fungus has Wen reinosed bs surger>. Tbe pulling force of a braiJi 
herniation Is svcll denjonslratesl in llic following tstse. 

Ill a case of rliiiiogoiiinis wlcoinyclitis and frontal lobe .slrtcess n 
l.«rgc p.irt of the frontal s(]ii.inia was remo\«l Later jurt of tlie 
parietal |)one ss-as rnnnsed. and at this site tin- dura w.is inciwsl. An 
nionnous primary liemhlioii ongm.it«xl in ilje parietal loin- and de- 
selopssl 50 rapidly that the sUn of the forehead on the np|x>site side 
uas retracted (Fii;. 71). After pirltal reinnsal of the fungus the ven- 
tricle rupturnl thrcuigh the rmi.umlfT of the herumtion. 

Among tlie t-.mses of extension of brain beniiatum are pas- 
sive livpcrcmia, spreading encepbabtis and additioiwl infection 
When brain tissue protrudes thrtnigb the dura and skull, thr* 
bliKKl vessels of the brain must also protrude. If jnlracT.mi.il pres- 
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sure is high aiid/or the opening of the dura narrow, the veins 
whiclj convey the blood from the fungus may be compressed. 
This results in vcj)ous Jn-peremia of, and licmorrbages into, tl)c 
Jiennation, Also, tlie heniialion may be increased by encephalitis 
which spreads ijito the fungus and, eventuallv, into the diver- 



Tici. 74 —llcrniivtion of brain in case nf frontal lobe aliuvn .nul ostcotiiyelitb 
of sLtill. Note (.-pidiTmit ^ouing n>rr base of Iiennntion and rrtrnctHin of sLiii 
on rlglu side of rori-licad, wlicrc Ibc frontal siiiU'; had Ixreii (.-onipictfly n-mmed 
{it (t pretmos <;pff3tion. 


liculum of the ventricle Imlging into the fungus. If the encepha- 
litis persists for some time the brain tissue is re^ilaccd by edem- 
atous granulation tissue wliich ma\ estend to the molecular 
layer of the cerebral ccrrlex. UUimalolv the gramdation tissue 
penetrates this layer anil appears at the brain surface (Fig. 75). 
Brain Ijcmiation also enlarges if an infection originating in the 
tympanic cavity or paranasal sinuses or at the surface of tlie 
licrniation invades the fungus. If the infection remains at the sur- 
face of the heniiation, the granulations covering the hcn)ialion 
become necrotic, with discharge of fetid pus. If the infection 
invades the depth of the hemiatinn, abscesses may develop within 
tlie fungus. 
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Necrosis of the heniialion occurs if a large part is destroyed 
by hemorrhages or if not on!\ the veins Inil also the arteries sshich 
eon\e\ l)loo<l to the fimgns are compressed. In this ease large 
parts of the lieniiation fall off. Inti are rapidly replaci“<l by other 
brain lisstie as long as the pressure is increased. In nire instances 
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tissue of the heriiiatidii Ixt-onies niniiunified and falls o^. With 
cure of the brain alisct.'ss and eiiccplialitis tlie fungus trrefiri rc- 
ccslcs sponlaiteousb ( Fig. 7fi. sec also Fig 87. p. .'jyS ) The surface 
is WTScrnl b\ granulations whieb originate at the margins of the 
defect of the sLull and dura or emerge from within tlie hcrniatiuti. 
Tlie gmmdati'nns gradtialU Inm into conneclnc tissue, whicli 
estends into the dura and brain ami is fin.ilK covered by epider- 
mis. The bulk of the herniation also is changwl into ronnettise 
tissue, which replaces the dcstnnrtl white and gray iiKittcr. The 
loss of gni\ ami white matter is seldom as eonsitlerahle as the 
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size of the liemiation would suggest, hecatisc the sire is due 
largely to edema. If the opening in the dura is narrow and the 
fungus is large, the herniation may become pennanent. In those 
instances t!ie hulk of the herniation consists principally of con- 






Fic. 7(1.— Siil)\k]iiig hra<n Iicrniatum fttlfowing temporjl fnl>e a!»MTs<!. 

noctive tissue containing a number of cysts filled with cerebro- 
spinal Iluid. A persistent herniation bulging into a mastoid cavity 
or a paranasal sinus may Irccoine infected, but such cases are not 
oominon. 

liuptiire of hrtiin ohscess.— As in abscesses in other parts of the 
IkxIv, the pus of a brain abscess lends to escape toward the sur- 
face or toward a pre-existing caWty. In cerebral abscesses, botli 
acute and chronic, the purulent exudate may escape into the 
lateral ventricle or the meninges. In the first instance a ventricular 
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fislul.i {Fig. 70). and it» the second a hmui-diini fistula, is esl.ih- 
Ushinl. Absct.'sses nf the teiiipor.i1 IoIk.* nsually hurst itito the in- 
ferior or [KJsteriur Iioni, svliile alisccsscs' of the fron(.iI lo!>e ritp- 
ture into tlic anterior liom of the lateral \cntricle. The acute 
abscess is hkeh- to extend lowanl tlic ventricle, whereas a chronic 
crrebral ahscoss lends to exp.(ii<I toward tlie ccrchr.il cortex. In 
fact, for a brain abscess to become chronic, a eonniftivc tissue 
barrier must picvcnl extension of the infection into the ventricle 
Ofhem isc, the abscess hursts into the I’cntricJc l>cforc csijisnle 
formation. The pimilenl exndalc of cerebellar abseessos nsualK 
leaks into the meninges; nipture into the fourth ventricle is not 
common. 

A ventricular fistula is carnet! by rupture of a brain .abscess 
into the ventricle or In rupture of the ventricle into an absci^ss 
cavity. Wlien an acute nbsct'ss approaclies the ependyma of the 
ventricle there are h\|H'remia and exudation nf lil)rin in the 
choroid plexvts. These clmuges cause formation of a ping, consist- 
ing of swollen villi of the choroid plexus and fibrin, whicli nets for 
u lime tis a lurrler against the impending infection of the ven- 
tricle (Fig. 70). 'Diis action of the clioroid plexus is supivortKl 
by compression of the ventricle bv llie abscess. For tliis reason, 
rupture of the abscess seldom causes an immediate inundation of 
the cerebrospinal fluid with Incteria, In fact, rupture often fails 
to cause conspicuous changes in tlic cerebrospinal fluid. Appar- 
ently this is not an acute but a cbroiiic process, whereas nipture 
uf the ventricle into the .al»swss is distiiictlv acute. In some t-ases 
on record nipture of an al>scx-ss caiiscti oiilv localized empverna 
of the ventricles. 

Obviously llie protective mechanism of the choroid plexus 
must finally fail unless the absci*ss is surgically dmimil. With this 
failure, fnuik pus jwurs Into the ventricle, t-.iusing p\<KTphaIus 
For this reason, nipture dtx^ not innnetliatcly cxuise nlanning 
svmptoms such as iinetmstiousncss, general convulsions, high 
fcier, rapid piihe, CheiTie-Slokes resplr.it/on, incanUnenev .and 
vertical nvstagtuiis. Nor is it immediately and invari.ably fatal. In 
my opinion all of tliwe sviuptoms .in* causetl instead by acute 
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bruin cdemu wliicb may or may not be associated with rnpbire of 
an abscess into tljc ventricle. Even the vertical nystagmus docs 
not indicate rupture in all cases, since it may also be noted in 
cases of meningitis without brain abscess (p. 274). Favoring this 
concept is the fact that the aforementioned alarming ssmiptoins 
occur particularly with cerebellar abscesses; yet a rupture of a 
cerebellar abscess into the fourth ventricle is rare. 

Ilupturc of the ventricle into the abscess cavity occurs (1) if 
pressure in the ventricle is considerably higher than that in the 
abscess cavity and (2) if the ventricular walls have lost their 
normal resistance. It was mentioned previously that ventricular 
pressure may be considerably increased wllb cerebral abscess, j 
However, a ventricle can hardly burst into an abscess cavitv \ 
filled with pus. In fact, ventricular nipture usually occurs during j 
or after surgical drainage of the abscess. Cerebrospinal fluid / 
gushes into the al)scess cavity. Tliis should not be confused withf 
the discharge of turbid fluid wliich may be noted when, after) 
surgical drainage of the abscess, the discharge of pus has ceased. | 
This fluid, which drains slowly from the abscess cavity, originates 
not in the ventricle but in the abscess wall by a process of general- 
ized exudation. With rupture of the ventricle the x-ray film usu- 
ally reveals a pneumcncephalon (air in the ventricle, p. 363). The 
contralateral hydrocephalus decreases after nipture of tlie a!)- 
scess. One must infer that (here is abv’ays softening of the v'ontricu- 
lar walls from brain edema. For this reason, ventricular ruptures 
usually occur witli acute abscesses. It is unlikely that a thick 
capsule will yield to increased ventricular pressure. Rupture of j 
th e ventricle into the abscess cavity is not alwav's’ fatal. In scv^eral | 
c'jiscs of this type, reported botli by other surgeons' and by myself, , 
cure followed even without chemotherapy. In iJiesc cases tlic, 
ventricular fistula was probaljly narrowt'd by the brain edema and f 
then was obliterated by the proliferation of glia and connective^ 
tissue. 

Tlic brain-dura fistula is more cojnmon with chronic than with 
acute abscesses. Although in aente alxscesscs the infianimalioi) 
may also extend tlirough ibe cerebral or cerebellar cortex to 
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c;iiivc :i hrain fistula, the fistula drains into the MilKliirnl space 
atid dtx‘s not esteiicl thr(mj»Ii the dura, lu chronic ahscessts all 
the changes are more striUug. An cncapMilaled abscess eslending 
toward the cerebral cortex interferes with the blood circulation of 
the ovcrlving cortex, xvlilch l>ccomes anemic, svbile the veins of 
the pia are dilated. SiTnultancoiislv there is a cJjronic, Jocalizctl in* 



Kl(, T7 -S'tltciii (hnnicti IrSmrii l>nipani <»), rfilM (W) »m! taixalc i>f a 
tMtipural l"l»* al»scr»» (Tl i». |>t>ninijlK <t!1 1»Viw tpvmrn. »l, ilrliUmut’ of 
«. tliiral Al < Of eapinl,. h a(I>>rn-i>t ii> ifx* 

iliira tAfli'T .SvImirTtr I 

flammalioii of the meninges, ri'sidting in meningeal thickening 
and ohliteratioji of the sniHhinil and snharachtioid sp.jces. With 
advance of iJje bram aJwms and eme|)}ia}ifis toward the crjrtes. 
eidier a brain-dura fistnl.* or a Iransmeningral fistula deselnps. 

'file palhngeiicsis of the brani-dnra fistula is us follows. A 
localbesl area of the abscess capsule and of die os erlying tx-rebral 
cortex fiecornes /n*crotic a;«| breaks <!nsni, hrmhi^ a fistida !«•- 
Isvcen tlic abst'css and the sulKltiral spaci-s. If the sul>dun»l spacc*s 
arc not sealetl off by adliesions, siilKbiral empsema results sshkb 
may |XTforate the dura (p. 139). If the stilxlural spaces are 
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scaled off, suljdural cinpycma docs not occur, but a localized area 
of the dura becomes necrotic and breaks dowm, establishing the 
brain-dura fistula. The pathogenesis of the transmeningcal fistula 
follows. Owing to encephalitis and to the expanding brain abscess 
tile cerebral cortex overlying the abscess becomes atrophic and 



Fic. "S.—SccUnn through chronic temporal lolx* oIkccss (A), Lap'.iilc 

(C), dur.n {D) and tegmen t>nipjm (t). S. Slirapncll's membrane, aitilel) in- 
{lamed. O, ussitles; K, e|)it)m}»roim, M, mucosa of epit>mpanum, acutely iti- 
flametl; //«c, liorizonl.al scnikircular canal. S»c. superior scmiCTrcuUr canal. Fsn, 
sobarcuate fossa; e, miclafe in epitympaiium; a, anastomosing blood vessel. 
D,, tliicVencd dura, P, purulent rsiidate; C., capsule, slmwing hyaline degenera- 
tion. At X, the capsule has united Hitli the tnickened ilnra abirve the tegnicn, and 
iIh'tc is no br.iin snl»ianre l>etvveci) and dur.i. (After Schnierer.) 

vanishes. The abscess capsule than fuses with the thickened 
meninges (Figs. 77 and 78). Again a localizetl area of the capstile 
and meninges becomes necrotic and breaks down, establishing 
the transmeningcal fistula. Tims \M'th a braiiwhira fistula the 
cerebral cortex is pierced by the fistula, whereas witli a Ininsmeii- 
ingcal fistula there i.s no cerebral cortex lietwecn altsce.ss cavity 
and meninges. Since Iwth fistulas are Jtarrow channels running 
inlo the large abscess cavity, the condition is known as brain 
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absci-ss stalk. Acx-ordiwg lo ihU coiicfpt, llicsc fistulas arc 
tlic rx'sult, not the cj»t«se, of brain a!iscc.ss. They csemplify an at- 
tempt of tlie abscess to drain into the adj.icent bone cavity. They 
seem to fonn in the area sshere the infection cnteretl the l>rain. 
Tfnis the ftsltdas art* notcti alwve the tcgmeri ty/nparii tit teiiiponi} 
lobe absccsst*s, behind the |wstcrior wall of the frontal simts in 
frontal lohe abscesses and in the area of Trautmann’s triangle in 
ccrelx-’llar abscesses. Although the fistulas achieve sontc drainage, 
they do not accomplish a definite cure of the abscess, ev eti though 
an additional fistula of the tegmen tunpaiti, tenijKiral srpiatn.i or 
jwsterior wall of the frontal sinus allows pus to drain into the 
respective cavity. 

Teriiifiio/ioii of hrain ohsees^s.— With sticwssful drainage of the 
abscess the fibroblasts of the blood \t*ssel walls and dura prolifer- 
ate and produce conttecthe tissue In stn.il) afisevsses t)ie con- 
ncetlse tissue fills the easily and merges with the thiekeiiwl 
ineninge.s. There is also glia proliferation, Init to a lesser degree. 
It is probably three to four niontbs before a scar is deflnileh 
fonned. Thu scar may Ik? Inconspintons. In large and encapsulated 
absees.ses tlic eapstile cxillapses and tJie renialniitg cas'itv is filled 
with connective tissue sshicli may harbor csstlike formations 
containhig clear or yeUosslsh fluid. 

^^c^(l^tatic hrain ah%ccst.—A metastatic brain nliscess forms 
svhen, in the course of scplimnia. mfeelcd emboli sire comes eti 
from remote parts of the IkkIi to (he Ijrairi. Oide ti few sitcli 
sdjscesses eoiiceni the otolarviigologist. Harelv. a tlirotnbiis of 
the intcnial carotitl in the temporal Iwne or pharsiigoinaxill.trs 
space gives rise to emboli whkh are carried into the brain. How- 
es-er, in these cAses iisiialK eiiccphalomal.icia, not a bniin abscess, 
is llte result. .More im|>oj1.ii>l. .•illhmigli not comimm. nro meta- 
static brain aliseesscs sshicli originate in a thromliophlehitis of the 
large dural sinuses, particnLirls the lateral sinus. In these cases 
inftKTletl einlioli arc carried bs the blrKxl to sites in the brain re- 
mote from the sinus throinliosis (p. 155). causing purulent en- 
cephalitis of metastatic ongin. 

A ssom.ui ssftli poK-posU tusi amt p.i>tstiiiisi(is h.td tsso chills 
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during acute otitis on the left side and suddenly became unconscious. 
She died the day after an unsuccessful mastoid operation. Autopsy 
revealed empyema of the left frontal and maxillary sinuses and botli 
sphenoid sinuses. Tlierc were purulent thrombosis of both cavernous 
sinuses and purulent thromlmplilebitis of the left lateral sinus and left 
jugular vein. Tim brain showed punilent encephalitis consisting of 
miliar)’ absccssw in the corjuis callosum and in the lentiform nucleus 
on tlic right. 

It is impossible to stale whether the infection of the dural sinuses 
was caused by the otitis or by the infection of the paranasal sinuses, 
or both. Nor is it possible to state which dural sinus was the source of 
the septicemia. However, the appearance of the miliarj’ abscesses and 
their localization in the gray matter indicalfd that the purulent en- 
cephalitis was metastatic in origin. 

There is a commoner tv'pe of association of sinus tlirombosis 
and brain abscess, alliiough the brain abscess is not actually 
inelaslatic in origin. If in an obliterating sinus tlirombosis the 
blood flow in llic tributary' cerebral and cerebellar veins comes 
to a standstill or is reversed, the inflammation may extend along 
the veins by continuity into the brain or fragments of the throm- 
bus may be carried into the brain provided there is still circulat- 
ing blood in tlic veins (p. 155). When suflicient infective material 
is conveyed into the white matter, a brain abscess may result. 
Tliromboplilebitis of the lateral sinus or of the cavernous sinus 
is particularly' likely to cause brain abscesses. Thrombophlebitis 
of the lateral sinus is not infrcr|uenlly the source of abscesses in 
the cerebellar or temporal lobe but rarely causes abscesses in llie 
occipital or parietal lobe. Subcortical cerebellar absces.se.s are 
usually caused by an infection of llie inferior cerebellar veins, 
which arc tribularie.? of the lateral sinus and nm toward the in- 
ferior surface of the ccrelrcllnm. If an infection originating in the 
lateral sinus extends along the vein of Labbe, an abscess in the 
pole of the tempond lobe results. From the cavernous sinus tlie 
infection may' extend along the middle cerebral veins to cause an 
abscess in cither the temporal or the frontal lobe. 

Troimiflfic brain abscess.— During puncture of the bniin, if 
the c.imuila passes through the infected tympanic cavity or frontal 
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siiiu^ and tlirough tlic inft*clcd imiiinges an infccHon of llic brain 
is iKjssiWc. prat-tical ejfjjcriencf |>ro>cs that this is ex- 

tmmdv ran*. The brain olfers rcniarkalile resistance to the com- 
mon micro-organisjns (in contrast uith its susceptibility to 
toxins and the x’imst^s) e\e« tljojigli several pntictnrcs are per- 
ft)rini*sl. Kxpcrinumtal exidence also proxes the resistantv of the 
brain. Nnmerous expormients demonstrate that a brain absex'ss 
C'ln be prrxhfctxl only if the brain is prhitarily trattriiafi/csl and 
pure cnllnri‘s of bacteria are iiijecltxl into the necrotic tissue. 
Iloxx-excr, tins mt'chaiiisin of infection is present in brain abscess 
fnllo\x'i«ig head injuries atone and is n<»t relaftxl to scirgical 
puncture. 

MuUijilc brain nhseesses.— Statistics inclic-ale that multiple 
brain absci'sscs occur in 1.7-15 jH-r cent of cjises. Apparcntlx 
tbese figures arc not of great salne because ibcrc arc dilfcrent 
typx'S of multiple abscesses. Tlirec tx-jH’s ore comparatlvclx com- 
imm. (1) Tliere are t'xo or more acute or chronic abset'sses in 
one part of the brain, e.g.. in the temporal lolx*. These abscesses 
arc caused bs expansion of one original abscess (p. 329). (2) 
There arc two al»ccsses in one part of the brain, but one is 
chronic and cncapsulatcxl and the other acute and not encxipstt- 
lated. Tlie p.xtbogenesis is discussed on page 533. (3) TIktc 
arc txxo aijsccssex in different parts of the brain, c.g.. in the 
lemjwral IoIk! and in llie «TclK*Ihim. Obvionslv the outltxjk is 
different for each ty|>e of imiUipIe obscxxsses. 

S> MI'n>MATOU)r.Y 

Clinical rnr/rse.— Clinically, otorhinogrnous brain abstx*ssos 
are either acute or clironie. An nexitc abserss t-auscs acute trrebral 
symptoms xxhich ctmtimic or mcre,n$c for several tlays and cutmi- 
natcittsxniploiiisofgencrali7«xl purulent meningitis. A chronic rd»- 
.sc'css also tunses acute cerebral sxiiiptotns, but these suhsule after 
a few d-axs, then return after a x-ariable jserhxl and exenlually 
cause purulent nieningiUs or paralvsis of respiration. Tlds defi- 
nition presumes th.it no surgical treatment was npplitxl. 

It is eustomarx to divide tlie course of clirotdc absti-sses into 
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three or four phases: initial, qniescent, manifest and terminal 
phases. None i.s clinically well define^}. 

Initial viiase.— This is easily determined in abscesses follow- 
ing head injuries or in melaslatic abscesses, hut it is often difficult 
or even impossible, particularly with chronic otitis, to de- 
termine the initial phase of otorhinogenous abscesses because 
tlierc may or may not be striking symptoms. Usually tlie symp- 
toms consist of fever, chills, lieadache, restlessness, dizziness, 
nausea, vomiting, focal brain symptoms and, eventually, slight 
meningeal symptoms. The)' may be inconspicuous and fugitive, 
so that the patient pays no attention to them, or they are strik- 
ing and are misinterpreted as symptoms of incipient meningitis 
or sinus thrombosis. 

The spnptoms of the initial phase are e.ssentially the same in 
Iioth acute and chronic abscesses. The only difference is the time 
element. In acute abscesses the symptoms are usually striking 
and progressive or subside, say, for a day or two and then return 
witli the same or increased intensity. In chronic abscesses the 
symptoms .subside in a few days and may not reappear for as 
long as 15 montlis. Tlie following case illustrates tlie actitc type. 

A woman, aged 41, had acute otitis on the right side which was 
app.irciitly cured after two weeks. Two weeks later she suddenly he- 
ciune ill, with fever of 101.3 F. The foHowuig day she again com- 
pUined of pain in the right ear radiating into the right side of die 
head and right mandible. Tlierc was continuous increase of headache, 
and eight days later there were dizziness and vomiting. Delirium grad* 
lully de\'eloped and eight days later the headache was almost unbear- 
able. Tliere were spontaneous nystagmus, facial paresis on the invoU ed 
side and cerebellar symptoms. The temperature was only 99.3 F. 
Suddenly she became unconscious. Tlie following day an operation was 
performed, but six hours later the patient died. Autopsy re\ealed a 
nonencapsiilati-d cerebellar abscess «n the right side and acute hydro- 
cephalus, but no meningitis. 

Alioul four weeks after onset of acute otitis tlje first symptoms of 
bniiu abscess l>ecame O'ident. In 17 days the sjTnptoms rapltlh' in- 
creased in qiwlit^’ and qiiantit)* to tlie time of dc.ith. 

TIjc following case illustrates the course of a chronic alrsccss. 
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A iIiiW, -1. lutl actiJc atilii ttlucJi «.is np[un'ntl\ curitJ in 
.ilKHit tlirif w wks. I'nc wi-rks IjJrr llic IfinjHT.ilurf rtpso lo 

101 r., uit!) such di/zitK-ts tliat llic* cliiUl m.!s not alitr to u~.dk. Crailii- 
alK fvsi-T and di/'-/iiK‘ss diticasod. but shcttunplniicil of intciui- lioad- 
ncfit* and n-ftisttJ to Joa\i* bcr litil. Ocxutimi.dK tlicTf \sas livdro- 
ciplulic cr\’. '5vinpton« c«mtmiHxi for about tlirri* ucrks. llmi 

tbf IftnjH-raturr rf><p to 1029 K. oii throe stdxcrpu-nt e\tTiiuj;s, dnip- 
ping to normal by monuug. She ttniipl.i«utl of sliglit eanicln- and 
hcadacbe on (tu* right and di/ziiit‘v«. In (be folloumg tliri-t* 
wwks the tnnpix.iliiri' again ht“caiiu* nonn.il. but s\inptoin< indicated 
n tumor of llu* tt-ri-lKdlum At the nid of this tinu* the child siuhlcnU 
dicrl. Autops)' ri*\ call'd an iiicapsulatfil ahscTss of thp right ccmbfllnin 
and marked b) droct'iihalus. but no meningitis. 

QtiiKscENT During llie initial pb.ise it is inipossibk* to 

predict whether the sdiscess uill run an ticnlc or chronic course. 
If it is destined to liccome chrome the initi.nl pli.ise is followtH! In 
the rjnicseent. or latent, phase. Hie lenn ‘■(piiescenr is prefcrahle 
iK'cause them' is seldom actual hitcncs. Tlir ijuicsccnt phase Is ill 
defiti«l. The s_\nnp(om> m.ns Ik* striking or nicxnispicuous. Tlies 
seem to Ik: ninre in.nrked nhen this phase is brief tlian svhen it is 
prolractctl. In all cases the lenipcralurt* is nonnal, with perhaps 
nil (Kvnsional sudden rise nlthoiit tangible cause uluch continues 
for a day or tw o and tlien subsides. There are hradj cardia, definite 
loss of s\ eight and s!ecpin(*ss. Nausea, soiniling and dizziness 
usually appear at the cud of the ipiiescinu phase. The esegrounds 
are normal or show slight changes. Papllltxlema was not common 
in nn e,xj>criciKx*, except toward the end of the ipiiescent phase. 
Tlie ctnebrospinal fluid is normal or shows slight increase in 
protein and cell contents. Tlie leukocyte count s arics. often show- 
ing a slight iucrease. 

llie most significant symptom is headache, reg.irdlcss of 
whctlK-r lh<‘ Ipiiescent phase is short or long. K\alu.ilion of tlie 
hcad.rclic fs iiased on tfie tyjH* of infection in the tsinpanic ca\ its 
or front.»l sinus (p. 100). rersistent headache in the fourth to 
sixth sveek or after s|Kmtaneous cure of acute otitis indicsiti's an 
iiitr.'icnmi.d complication, altlimigli not necessarily a brain ab- 
sevss. Tlie diagnosis of brain tumor is often enlertaiued until 
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postopcratlv'c exainlimtion re%'eals that wlial ‘.eeniccl to he a ttitnor 
is actually an encapsulated abscess. Tlicrc is great risk for the pa- 
tient if the erroneous diagnosis of allergy, migraine or head cold 
is made and the appropriate time for tlic operation is missed In’ 
mistaken administration of drugs. For this reason, an intracranial 
complication, particularly a quiescent brain abscess, should be 
considered whenever a patient complains of intense and per- 
sistent headache after acute otitis. 

With infections of the frontal sinus certain features distin- 
guish headache caused by the sinus infection from that caused by 
a brain abscess. The lieadacbc of frontal sinusitis makes the pa- 
tient restless; that with frontal lobe abscess is associated wth 
more or less marked drowsiness. With frontal sinusitis the head- 
ache is intense in the morning and decreases in the afternoon; 
witli frontal lobe abscess it is almost continuous and increases at 
nigiit. Salicylates, wliich relieve the headache of frontal sinusitis, 
do not influence that causetl by a brain abscess. Headache caused 
by frontal sinusitis is associated with tenderness of the .supra- 
orbital ncr\'e, whereas that caused by a brain abscess may not lie 
associated with tenderness of the nerve. 

With chronic otitis, particularly with cholesteatoma, and with 
osteomyelitis of the skniH tlie headache is usually caused by in- 
volvement of the dura (p. 101). With addition of a brain abscess 
the headache increases markedly, and general and focal brain 
s)'mptoms indicate that not only the outer layer of the dura h»it 
also the brain is involved. Should these S)'mptoms be absent, sur- 
gery will assist in making the correct diagnosis: headache caused 
I)y external pachymeningitis decreases after surgical exposure 
of the involved dura, whereas headache caused by a hraitv ab- 
scess docs not sulwide unless the abscess is drained. 

It can reasonably he assumed that during the quiescent period 
the abscess capsule is usually formed, regardless of whether there 
'are few or many sjTnptoms. In a brief quiescent phase rich in 
.sx'jnptomatology, it is difilcnlt to distinguish clinically between 
acute and chronic brain abscess, and a capsule may form even 
tho:igh tlic co\irse is clinically similar to tliat of an acute abscess. 
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III inaiiv sitcli fuses tlie <niifsccnt pliase is folltmetl iiimutliatflj 
l»s l!if icnninal pli.ise unless tlim* is suri;ir.il inters eiitioii. If. 
liowfMT, llie quicscful stage is lung .nul causes slight ssmptonis. 
a manifest phase ap[x*ars liefore the tcnuinal phase. 

.SUNUtiT l•llASK.— In this pluise the lempeniturc may rise 
ahniptiv or the patient smitlenly liecoincs comatose. Paralysis of 
one leg. a jachsoniaii attach or a cerchcllar convulsion mav occur 
The manifest phase appears either without apparent cause or 
after iiijurv. inelutling surgicjil traiima, excitement, gaslroinli*s- 
tinal distnrhanees or acute infections. If the .surgeon examines the 
patient for the first time in tins phase am! without knowing the 
exact histoiy he may confuse tlie manifest with the initial phase, 
lic'cause they liave a simihir sxinptomalologx-. This error is dis- 
astrous if it leads to pasl|ionemciil of the ojK“ration, for the mani- 
fest stage IS ahuosl invariahiv followed In the tenninal phase, m 
ssliich surgerx Is futile. 

TfiiMiNAi. piiASi:.— This is chaniclfri/erl hy .symptoms of 
meningitis or rcspiratiirx |s.iraKsis. 

'Ilie tspical course of brain aliscess is ohsenred if there is an 
additional intracranial complication such as sinus thromliosis 
Incn such csidencc of gciicnd brain symptoms as papilletlema 
and t'crehrospinal fiiiid changes docs not permit the diagnosis of 
hrain ahseess. OlniousU the treatment of sinus thrnmhnsis and 
septiivnii.i is of jirim.iiy iin|K>rtaiice. since m the presence of 
septicemia the cure of a brain alisccss is not possible. After the 
septicemia is ctirctl, the cerebral s\-mptoms max gnidiiallv sulwide 
without further surgers In these cases the cerebral svmptums are 
usiialh cansetl In serous meningitis. partleiilarK m soiing jwr- 
sons. If, honeviT. after the sums opt*ratmn sxslemlc and tx'rehral 
svmpforns persisf or vs en mcrr.tse. the cfiagriosi's of brain afiscess 
is justified 

Si/»/i/ifoms.— Ilrain ahscs'S.ss's csuise shfferenl h pes of symptoms 
xsliicli may Ik* eoineiiienlly dnidsHl into { 1 ) svsteiiilc, (2) gen- 
eral brain, (3) aural and masal and (41 focal brain symptoms 
OnU the sx-stcinlc and general brain symptoms are disaiss<x! here, 
the others are tiismssrxl on pages -101 and 411. Tlie fonner 
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arc the principal s)iiiptonis aiul are more important itj the diag- 
nosis of brain abscess than any others. 

SvsTExtic SYMiTOMS.— The patient is acutely ill and loses 
weight rapidly, even though appetite is good. The skin is flabby 
and the breath foul. There are intestinal disturbances, particularb 
constipation, and there is anorexia. Rarely, bulimia (excessive, 
morbid hunger) is noted. These symptoms cannot be caused by 
a simple infection of the tympanic cavity or paranasal sinuses 
and point strongly to cerebral involvement. The symptoms are 
striking in acute abscesses and are usually evident, although not 
marked, in the quiescent period of a chronic abscess. The rapid 
emaciation is of utmost importance. 

Clinical experience indicates that the initial phase caiises higli 
fever and, eventually, chills for a few days. If an acute abscess 
forms, the tojnpcralure decreases sliglitly, staying between 100 
and 103 F- until the terminal stage, when there is a .striking rise, 
probably due to meningeal infection. If tl»e abscess becomes cji- 
cap.snlated and enters the quiescent stage, tl)e temperature de- 
creases to normal or, particularly in cerebellar absces.ses, even 
•snlmoimal, except for occasional rises in tlie evening. The body 
temperature is an important guide to correct diagnosisof quiescent 
brain abscesses after a radical mastoid operation witljout drain- 
age of the brain abscess. U is a common observation tliat immedi- 
ately after a radical ojreration on the mastoid or paranasal sinuses 
the temperature may rise to 101 F. but usually disappears after 
an enema or the first dressing. If the temperature rises higher it is 
usually due to an infection of the surgical incision, incipient 
ery.sipelas or a quiescent brain abscess ^vliicb was “awakened” by 
llie operation on tlic bone. Infections of the .skin incision and 
eiysipclas respond to chemotherapy, but a brain abscess does not. 
With a lirain abscess the bigb temperature may continue for one 
to lliree days after the radical operation. It may then he normal 
or almost normal for several days, until liigh fever reappears, 
ushering in the terminal phase. Chcmothenq)y is hazardous be- 
cause it inav lead to postponement of surgical drainage of the 
brain abscess. 
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'Hie bloml oflcri a itrcrc.isc of ft’»l.()C’v(t*s. 

Eosinopliils arc iisaalK present, occasional!) in iiicreasetl mini- 
iK-rs. A shift to the left is common, hut not markctl. It has Ik-co 
emphasized that the lenkocslc count iH’conies normal when the 
aljK-ess passes into the quiescent phase. In a personal ease in a 
child, agetl 4, with a lem|>oral !ol»c abscess, the lenkocsle count 
was 5,400 ( 28 per ci'nt polsTnoqrhomicIears, 5 per cent jusenile 
forms, 7 per cent eosinophils, S per cent monocstes, 52 per cent 
IvinpluKStcs), although sulfonamides ssere not administered 
Howes er, a normal or suhnonnal leiikoestc count d(x?s not jiistifs 
the conclusion that the abset'ss is in the quii'sct'iit stage, hecansc 
an acute abscess may cause the same lenkocsle count. In a erase 
of temporal lobe abscess sshich svas fatal in the acute phase the 
blood count 20 dass iK'fore death was 10,400 and 10 dass iH'fore 
death only 7,100 (71 per cemt polymorpltomiclcais, 1 per tviit 
juvenih' forms, 22 per cent Umpliwsles. 5 per cent monocstes, 
1 per ei*nt eosinophils), esen tliongh no Milfonainides were ad* 
rninls{erc*d. In a case of cxTcIu'llar aliscrss with shins throoihosis 
and cxtcnial pachsineningltis in a man. agctl 83, the lenkocjtc 
count 13 dass iK'forc death ssms 9.2<Xt and sis dass before death 
only 7,800, although no $ulfouamld<*s sserc given. In phlegmonous 
encephalitis also, marked leiikocstosis may Ik.‘ absent (p. 427). 
Cheniothempy makes the lenkocsle sxumt e'sen less cuiichisise. 
The sedimentation rate is iisnalls loss Peplonnria and ghcosuria 
.are smi occasiotialls 

Ckneilsi. nil sin ssmi'Ioms.— Mental distnrhantx-s are of ntnu«t 
iinportaiici*. Since the classic description by Macx*\scn, “sloss 
cerebration, brass eoinpreliension and marked ssanl of sustained 
atleiition“ base licen considered sigmficmit of brain ahsctris. The 
piitienl is silent, the facial I'Sprcssion is depressixl or apatlilc niu! 
there is c-otiiptilsis e sasvnnig. ConsiTsation is jnmhlcd and sjicc^ch 
drawling. Tlie patient gises Ins name, address and age ctirrectK 
after a short debs, he repeals lbs* answer to the first question 
sshen a third and differi'iit question is put to him, he reads, hut a 
fesv minutes later dos*s not know sshal he s\as reading, and it is 
a great effort to |)erfonn small additions or subtractions in the 
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hcjid. Sleepiness is striking, particularly in children, and in more 
advanced wises it is diffienll to waken the patient. This condition 
may suddenly pass iiito coma. Some brain aljsccsscs, both cerc- 
liral and cerebellar, cause symptoms of actual psychosis, re- 
sembling dementia, mania, alcoholic delirium and religious mania. 
In other cases no alterations of the mental state are present, and 
the patient’s behavior is completely normal until he suddenly 
liecomes comatose. The psychic sj'roptoms do not permit con- 
clusions concenn'ng localization of the brain abscess. 

Headache is usually continual. In the incipient phase headaclie 
is of moderate intensity; tlie patient complains of a hand around 
the head or of heaviness in the head. Actions which cause venous 
hyperemia in the bruin, such as coughing and straining at the 
stool, increase the headaclie. The intensity gradually increases 
and finally becomes almost unbearable. Tlie patient groans and 
complains but is not as restless as a patient with meningitis. 
Ilarely, headaclie is not present; this may occur in children with a 
quiescent brain abscess. Some patients localize headache in the 
area of the abscess, but others are unable to localize it. With 
frontal lobe abscess tlie lieadacbe is often localized in the fore- 
head and temporal area; wjili cerebellar aliscess there may be 
pain in the neck, eventually causing stiffness or opisthotonos. 
\Vilh temporal lolie abscess the headache may involve the tem- 
poral area, but often there is diffuse headache on the involved 
side of the skull. 

lligidity of the neck is not common with cerebral abscess, but 
is with cerebellar abscess. It may be associated with an abnormal 
position of lie, ad and frequent vomiting. In such a case spinal 
puncture should not be performed, because these symptoms usu- 
ally indicate an impending cerebellar cone. 

Kausca and vomiting usually occur, l>ut are not repeated 
frequently. Nevertheless, in a patient who, for other reasons, is 
believed to have a brain abscess, vomiting unrelated to meals is 
an important symptom, even though it' occurs only a few times. 
Nausea and vomiting are usually conspicnons with cerebellar 
abscess. Not only is there spontaneous vomiting, frequently with- 



356 irnMN Anscr.v; 

out prixt-din" naustM, Inti tlim* w reflex vomiting vvliidi can Ik* 
elidtftl I>y the intnxlucliou of a tongue ^lep^t•^vo^ or forceful 
opfJiing of the nmnlli. This is particularly suggestive of cerebellar 
ahsc-csses originating in siims ihroinhosis. for in simple simis 
lhromlx>sis vonjiting is not a conspicitons .symptom. 

laibvrinthine vertigo* is usually noted, hut is not a principal 
.svmptom, even in cerebellar alftcess, except those ciutsctl bv pu- 
nilcnl labyriiilliitis. However, cwcii in the last-mentioned cases 
vertigo is not inarki*d at the time a cerebellar abscc.ss becomes 
manifest. Often the patient complams of dizziness when lie means 
headache or clouding of the visual liebi Tenderness on percussion 
and pressure on the skull li.is no praciieal significance. 

Slow pulse is not cointnoii vvilb brain abscess. It is usually 
alwent when intracranial bypericnsion is stationary, but apptMrs 
with an acute rise of mtrucraiual liypertensioii. Conclusions may 
be based on the pulse rate onlv when bradycardia is n»arkt*tl. 
’niere are c*ases on rec'ord m which operation was perfonnevl for 
brain abscess because the pulse rate was SO-SS At operation no 
ahvex-ss was found, and imotigalion revealed that tlie brady- 
e-ardia was not c“aus«l by intracranial byjvertcnsirm but was 
liabitiial bradycardia is <K'C;isionally noted with loctdizesl laby- 
riiitbitis with labyrinthine fistula and with diffuse serous labv- 
rintliitis allbougb there is no tx*relK‘llar abstvss With acute al>- 
scx’ssr'S ifie pulse rate is usually relatcxi to the temjH-ralure except 
m the tenniiial stage, when there is often a sbarj) aecelerallon of 
pulse nite owing to vagus paralysis (Fig 79). After successful 
drainage of a brain abscess tacbyc^irdia inav lie present for a 
long perifxl. 

nespiratinti is normal However, as in brain tumor, paralvsis 
tv( respitatisuv may siecwt wvtlwmt xvanwwg. p.vTtwwlArly Iw vvxe- 
Ixdlar abscess Acute respirators jxirnlysis mav Ik* caustxl bv sim- 
ple movements of tlie Ixxly, such «s rising from IkhI, stooping 
forvvard or straining at the stool, it may also lx* csiusc-d by spinal 
puncture or (xx'ur during opi*ratioii on the mastoid or paranasal 

MateniitItiiM' srUis*) oti'bU rtilirr Ki IIm- KiitjtKm <i( whiflms 

Of In rroT* in fro>pii»ii»n tit tlie frlai-mUnp |Im- {>rrv>ti 

and «|vtcr wtih rffririK-r In IIm- r>f liMitii (latlib- srttlen) 
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sinuses. In stich cases only rapid drainage of the abscess will save 
the patient’s life. 

In a man, aged 42, a young physician performed a spinal puncture. 
Tlie patient was not co-operative and was given a hypodermic injec- 
tion of morphine. About an hour later 25Q mg. of sodium pentothal was 
administered and, with the patient in lateral prone position, 7 cc. of 
clear cerebrospinal fluid ^^’as wilhdraxni. Spina! pressure was 400 mm. 
Ten minutes later respiration suddenly ceased, while the heart beat 
continued. Tlic cerebellum was rapidly exposed and an abscess 
drained. However, respiration was not restor^ and despite artiDcial 
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I'lo. 79— Pulse rate (P) and temperature (T) in t-ase of frontal lolic abscess 
.\nte ifbcrgcnco of pulse rate and temperature five days before death 


respiration in the Driniccr respirator for over 10 hours the heart finally 
failed. The lycgroimds were normal about 20 minutes before spinal 
pvmcture. Autopsy revealed a marVed cerebellar cone. 

The outcome was more fortunate in a boy, aged 9, with a cerebellar 
abscess. A simple mastoid operation was performed and the lateral 
.simis was exposed from the tipper to (he inferior knee. Suddenly jerk- 
ing contractions of tlic sinus reduced the widtli of the sinus to nearly 
half its size; they were not synclironous with respiration. Shortly after 
the appearance of the contractions breathing ceased. The child was 
not cyanotic. There were clonic contractions of the floor of Uie mouth, 
hut not of the neck muscles. The chest was fixed and the glottis wide 
open. Tlic heart beat contiimtd unchanged. Oxygen was administcreil, 
and after several minutes breathing was re-established, Tlie operation 
was continued and the dura of the jwsterior cranial fossa c.xposetl. 
Several minutes later the jerky contractions of the sinus rcappeare<l 
and respiration ceased. The heart contiiuicxl to boat and there w'as no 
cyanosis, ramlysi? of respiration continued a Jilllo more than 25 
minutes. Meanwhile the dura of the posterior fossa was further ex- 
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jKKttl and the twbcllar abscrs^ drained. fthlKnigli the drc»iin«:t.iiK'ts 
did not p<“rmit uiXTalion undw aseptic conditions. Immediately aftiT 
draituije of the .ihscesv res{itra(tcMi ffcoftnneticx'd and rccov<fj' «-.k 
inie\tmtfid. As in the preceding case, there sv.i« no p-ipdledeina. 

Tlie statistics on patliologie changes of the esegronnds \ar\ 
ctmsidcrahh . \ sitmtnars- stiggt*sls that in perhaps 50-60 per cent 
of cases of hrain abscesses, both cereliral and cercl>el!ar, tliere 
are pathologic changes of the eyegronnds Tlies nsiially consist of 
passise Iisix'rcnn'a of the relitul veins, tortuosity of llio retinal 
vessels and hlurrctl margins of the papilla. Vsnally the changes 
arc more marked on the m\olv«“<! side ami nia\ Ixcoinc manifest 
coniparativcK late in the course. Papinetlcma is not common 
with either cerebral or cereludlar alisccsscs. 1 found papilledema 
in four of 22 csises of cerebral alweess ( 18.2 jxr cent ) and in one of 
12 cases of tvrelidl.ir aliscfss. 'flie |MpilIc<?erna seldom exceeds 
2 a D., altliongh statistics rejwrtesl l>\ ncnrosiirgeons nienlion 
imich higher figures. TltK is prolmhK dne to the fael that manv 
cases set'll by neurosurgeons tvere referred to them Ix'c.nMe of tlie 
papilleslema. Ds'spitc p.'ipillodema sision iv not often impaired. 
IJxuct examinations of the visual fields .ire not alwass feasilik', 
am] iJms an enlargement of the blind spot or a slight concentric 
restriction of the fields ni.is Ik* tiussesl. If the alrscess is sntXTSs- 
fully draineil. papdKxlenia iisnalls reetiles in one to six weeks. 
If ]MpilU‘dem.i recurs it may In* due to retention of pus in the 
ahstt’ss cavils, formation of a m‘sv a!nce^s or, most friKjncnlly. 
serous inemngitls. If sision ss.is ri'sluci'tl licfore ojK-ratinn it is 
nsnalls restored po>tojKT3tiseIs. IVmianeiil ainanrusis caused hs 
ntorhinogenoiis brain abscisses is rare. 

PapilKtlcma U a favorable svmptom betsmse it nsnalls occurs 
with chronic ahscessis. Tins confonns with the concept that 
pjpillrtlema in brain alrvcxss is cniisctl bs the inlraeranial bsiwr* 
tension, and not In toxins onguuling in the abscess. From ibis 
oliservafion it has In-cn ermchided that the projKT lime to operate 
for a brain afiscess is when iMpiffctlenia is not progressing. No 
doubt ibis offers the Ik^sI shamr for cure Ih'ciiusc the nbsct*ss is 
SSI-11 enc'apsnlalcsl nod there is neither mnrki'd cncepb.ditis nor 
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brain edema. However, for various reasons tills concept is not 
acceptable to the otolarj'ngologist (1) If operation were done 
only after papilledema had become stationary tlie mortality rate 
certainly would rise, because perhaps the majority of otorhinogen- 
ous brain abscesses do not continue for that length of time. (2) If 
a brain abscess causes papilledema there is always danger of 
respirator)’ paralysis, particularly if the papilledema is progress* 
ing. Tliercfore surger)' is apparently more urgent in the presence 
of progressing papilledema than in cases of stationary papille* 
dema. (3) I have seen at least three cerebral and three cerebellar 
abscesses wbieb were well encapsulated and did not cause pap- 
illedema. Therefore, although the presence of papilledema cer- 
tainly improves the outlook for surgical drainage of brain abscess, 
it is apparently hazardous to wait in all cases for papilledema, 
and particularly for stationary papilledema. 

Spinal puncture is important in the diagnosis of brain abscess, 
hut it is not without some liazards. A s mentioned on page 61, it 
should iiQ td ie perform ed in ce f^iellar abscesses. It sym ptoms im 
dleale cerdicliar aliscess, tlic risk involved is greatef than the* 
additioniil knowledge gained by spinal puncture. In cerebral 
abscesses also, spinal puncture is not entirely harmless. I am not 
sure that a spinal puncture per se can cause mplure of the abscess 
(p. 61), but the psychic effects and forceful movements of the 
body induced bv puncture may liave a disastrous effect on llie 
brain edema in the presence of intracranial Ju'pertension. In tlie 
absence of symptoms of intracranial hypertension tlio risk is 
diminisljcd, but certain precautions should be taken. Etlier^ancs- 
JJiesia and morphine sljonld not be given. If sedation is necessary, 
limhuHcs may be admin i^red, and the puncture should be per- 
fon«cd_wjni_tljc patient in the lateral prone position, unless en- 
cephalography is planned. If the spinal pressure is high, only 05- 
1 cc. of fluid .sljould be withdrau-n. If possible, frequent .spinal 
punctures should he a^’oidcrl c.’ccepl in cases of protruding brain 
heniiation. 

Tlie findings obtained by spinal punetiirc arc not uniform. 
IVessure is frcqucnlh' increased regardless of the presence or 
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alm-jicf of [wpillwlrma. In oilier cases tlir pressure is iionnal. Do- 
£T«isotl pressure is rare. Tl»* cerebrospinal fluid is usually cloud v, 
alllioiigli in some cases of rpiiescent brain abscess it is clear. In a 
case of ccrclx'llar absct*ss I found clear fluid one day Ix’fore death. 
Tlie cloiidiiu*ss is causwl by pleoc)iosis and increase of total pro- 
tein content. The pleocstosis consists in an increase of the iinm- 
In'r of Kinphocytcs and poKinorpbonncle.ir leukocytes. Ap- 
p.ircnt!\ the pol\ morphonucicar cells arc more prcxnlent near 
the lenninal pluise. whereas in the quiescent phase lympho- 
cstes predominate. Some surgeons ha%-e noted an increase 
of pol\7noqihoinielear et'lls in the initial phase, an nliscrs'ation 
which I cannot confirm Tlie origin of the leukocytes in the cere- 
brospinal lluiil with brain abscesses not associatetl with inentugilis 
is not clear. Certainly pleocytosis does not nccc'ssarily liidinile 
nipluru of the abscTss into the scntricle or inlcnneningea! sp.icts, 
lictsuise pleocytosis h.is been notcsl when autopsy failed to reveal 
any niplurc of the nhscs'ss. Some authorities claim th.at pleocyto- 
sis is caused by the action of toxins on the meninges, while others 
belies e lliat a toxic iiifl.unination of tbe choroid plexus is respon- 
sible. 1 cannot make a definite st.itcnient. but experimental ob- 
.sers-atinns suggest that irritation of the choroid plexus is more im- 
|v»rtant than irritation of the ineningt*s. 

Tlie protein content is usually incrcaseil even when the lliild 
is clear, hut the mcre.ise is not conspicuous as long os the men- 
iugM .ire not unoJsixl. Tlie sugar and chloride contents are nsii- 
idly normal, ocxrasionally esc'ii increased, proxidal there is no 
meningitis. If the fluid cxintaiiis a Lirge nunilxT of cells, the sugar 
cxMitenl in.iy Ik? slightly dcxTiMSixl. Tlic chloride content may bo 
decreas«l if there is high feser or persistent s’omifing. nie ah- 
snicx* of hacteri.i, at least in the quiescent stage, is lmi>ortanl. 
Tuw.inl. or in, the tenniu.d phase Iwclcri.i appear, indicating llwl 
meningitis is assix'i.ited svitli the brain abscess. If in a case of 
hraifi abscess spiii.il ponctiires are jierfonnetl frcspiently, one 
m.iy occasion.dly note th.il the cx*II and protein ixjiitcmts decTcase, 
althmigb the patient's general condition is progressisely worse. 
Tins antagonistic finding is tullixl Jt^nr/wiiir (fr tlUronlttncc (p. 
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137). It is fairly indicative of quiescent brain abscess, altliougb 
it may also occur in subtbtral empyema. The practical significance 
of this sjaidronie should not be doubted, but it should not be 
sought by performing frequent spinal punctures in all cases of 
potential brain abscess. 

Recently x*ray examination has gained importance in the 
diagnosis of brain abscess. There arc two methods, both associ- 
ated with certain hazards. One consists of the filling of the ven- 
tricles with .air, and the otlier of the filling of the abscess cavity 
with a contrast medium. The filling of the ventricles with air is 
accomplished by encephalography or ventriculography. The ad- 
vantages aflS hazards of encephalography are discussed on page 
65. For venlriculograpliy, two small trepliine holes about 1 cm. 
in diameter are made on both sides about 2.5 cm. from the 
sagittal suture and just above the coronary suture. A nick incision 
2-3 mm. long is made in the dura and a cannula is introduced 
into the ventricles. Between 30 and 40 cc. of cerebrospinal fluid is 
withdrawn and an equal or slightly greater amount of air intro- 
duced, Since ventriculograpliy may increase intracranial pressure, 
it should be performed only if everything is in jeadiness for im- 
mediate drainage of the abscess. In cerebellar aliscess ventriculog- 
rapliy is tlie only available x-ray method because lumbar en-j 
ccphalography is too hazardous. 

The number of brain abscesses studied by air inflation of the 
ventricles is not large enough to permit definite conclusions con- 
cerning the typical findings. With temporal lobe abscesses the 
following observation.s have been recorded. (!) Complete or 
xnconiplefe compression of the vcntricie on the /nvofvwl side. 
(2) Dilatation of the X'cntriclc on the opposite side. (3) Lateral 
displacement of one or both ventricles toward the opposite side. 
This displacement ins'olves particularly the anterior horn and 
hotly of tlic ventricle. Tltc posterior portion of the cerebral iiem- 
isphere is, to some extent, protected against suc!» dislocation by 
resistance of the falx cerebri and the union of the falx with the 
tentorium ccrebelli. (4) Diminished filling of the subarachnoid 
spaces at the convexity on the involved side (Figs. 80 and SI). 
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With frontal lohe abscesses two observations have been recorded; 
(1) compression of the anterior horn downward on the involved 
side, and (2) dislocation of the ventricle on the involved side 
l)ack and toward the opposite side. With abscesses of the occipital 
lobe a dislocation of the ventricle to the opposite side has been 
observed. The compression and shifting of the ventricles ss’ith 
cerebral abscesses are caused primarily by pressure of llie brain 
abscess on the ventricles, and not by the associated encephalitis. 
Tins conclusion is based on obser\’alions in a case of phlegmonous 
encephalitis (p. 427). In that case there was only a slight com- 
pression but no shifting of the ventricles although the encephalitis 
caused a striking increase of brain pressure on the involved side. 
For this reason, I venture the opinion that pathologic changes in 
encephalograms are to be expected particularly with chronic 
brain al)scesses, whereas with acute abscesses the findings prob- 
ably are less conchjsivc. 

I have not used ventriculography in brain abscesses. But as 
far as encephalography is concerned, its practical value, particu- 
larly in the quiescent stage, cannot be questioned. Not only is it 
useful in localizing the abscess; It is even more important in 
disclosing intracranial complications which cause the symptoms 
of brain abscess altliough there is no abscess. In tins respect 
cncepbalography is frequently of decisive importance in serous 
incningitLs, punilent meningitis of intermittent type {p. 302), 
progre.ssive acute osteomyelitis of the skull and encephalitis. In 
all these diseases the encephalogram is nonnal and, tlierefore. 
may prevent unnccessar)' explorations of tlio brain. But despite 
tlfis great advantage, in cases of hraitt altsccss encephalography 
and ventriculography should l>c used only when all clinical and 
lahoraloiy means are exhausted. 

In a few recorded cases of abscesses of the temporal or frontal 
lolie, spontaneous pneumcnccphalon, i.e., a collection of air in 
the ventricles without previous air inflation, has been noted. In 
frontal lobe abscess air probably enters the abscess cavity through 
a hrauwlura fistula and the ventricles through a ventricular 
fistula. Blowing tlie nose, sneezing and even normal respiration 
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encourage the formation of pneuinencephalon in these cases. The 
mechanism which allows the air to enter the ventricle in temporal 
lobe abscesses is not clear. Tlic hypothesis has been advanced 
that the respiratory and pulsatile movements of the brain aspirate 
air into the abscess cavity ami, if there is a ventricular fistula, into 
tlie ventricle. In this event, however, one would e.vpcct pneum* 
encephalon to be more common than it actually is. In all cases 
of spontaneous pncumencephalon in temporal lobe abscesses thus 
far reported, air was discovered after injection of lipiodol into 
the abscess cavity, and it is possible that air was injected with the 
lipiodol into the abscess cavity or, exceptionally, into the subdural 
space. 

To visualize the abscess cavity 2~5 ce. of 20 per cent iodipin 
has been injected Into the cavity. Others use ihoiotrast, colloidal 
thorium dioxide or gauze soaked with 50 per cent abrodd. Otheis 
puncture the abscess and replace the purulent exudate hs injec- 
tion of iodipin and air. 1 have never used these procedures, he- 
cause they irritate the mcningc.s and increase ))rain pre.ssure. Fur- 
tlicjmore, if iodipin enters tlie ventricle, it may remain tliero for 
.several months. Although no liami to tlie patient lias l)een re- 
ported, these procedure.s should be used only when absolutely 
necessary. 

The value of electroencephalography in brain abscess is dis- 
cussed on page 82. 

Arterial cucephalograpliy for the diagnosis of lirain abscess 
consists of the injection of thorotrast into the c-ommon carotid 
artcr)’. Immediately after the injection the skull is x-rayed. In 
several cases tin's method has furnished useful information (Fig. 
82), but it can be routinely employed only if the proper ctpiip- 
ment is available. 


vnoGNOsis 

Since spontaneous cure of otorhinogenous brain abscess is not 
proved, a practical discussion of prognosis c-an concern only cases 
treated by surgery. In these the prognosis depends chiefly on the 
following factors. 
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1 . Foniiation of a capsule. There is no donbl ll»al the presence 
of a capMilo improves the prognosis coiisulcnbly. Therefore, all 
f.ictors \shich encourage the fonnaliou nf a capsule (p iSI ) im* 
prose the prognosis. 

2. Ass(K.'i.itton o! amJther intracranial conrplication. ^^jcn an 
abscess is associatwl svilh sinus lliroinliosis, inarhetl meningeal in* 
ilanunation or cncepljalitis, prognosis must 1)c gtiardod. Tlie prog- 
nosis is also impaired when there is an aetise infection in the mi- 
derlsing Inins c:\vlts. Tlic iiihx'lioii in the Imns casits is a 
permanent. |>otfntial sourer of reinfection of the bniin. particn* 
laris if dural fistulas comimmicale belsvecn tlie bony easily and 
ihe brain {Fig. 77). 

.• 3 . Time of diagnosis. I’oor results are often due to delas or 
error in diagnosis. 

4. Fonn of the abscess. Abscesses ssbich form pockets and 
casilics reejniro a guardwl prognosis. 

.> laicalion nf the absc'css. (^relxdlar alisc'osses cause paraly- 
sis of the respirators center more often llian do abscesses of tlie 
cerehmnr and, therefore, hasc a less fasorahle piognosis than do 
cereliral ahscossts Abscesses which estcod close to the sentricle 
imply a grcMter danger tlun abscesses ssliich are separated from 
tlie sentricle bs a thick laser of nonnal brain tissue. 

6. Time of operation. Tlie outlook is best if the operation is 
perfonned in the <piiescenl pliase, and particniarls after acute 
otitis or sinusitis has imdcrgonc spontaneous cure. 

7. Duration of pfistoperatise treatment. It is an old clinical 
asiom that after singers brain abscesses are cured rapidls or not 
at all. Tins is ratlier dognutlc but. to a certain extent, torrect. 
.•\fter a brain abserss has lieeii surgicsdlv drained, if diseliarge of 
piinilcnl nulenal continues mcr a periosl of svc*cks and is asso- 
ciates! SMlh niisalisfaetors tsmsalcsccneo. one must conehide that 
there IS progressise t*nec}>li.i1ilis and the patient’s ri'sist.liux' is 
losv. In tliese castes the outlook is not good 

Tlie Jimnemtis factors ssliich Infhientt* the prognosis for brain 
.alKccss remler tbe outlook firr «|V'ration donlitfid. Eseii after a 
sncccisfnl ojv-ration the prognosis is not ni'Ccss.iriU favomble 
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ill ever)' respect. The most important eventuality is intercurrent 
pneumonia or lung abscess. In fact, the morlalit}' rate of brain 
abscesses must be attributed, to a considerable extent, to 
monary com plications rather than to infection of the brain. 

Slight defects in the mental slate and speech are not uncom- 
mon in children who recover from temporal lobe abscesses. More 
serious icsidna are epileptic seizures, particularly after recovery' 
from frontal lobe abscesses. The attacks may l>e jacksonian or 
general and may' appear several y'ears after recovery'. In several 
cases on record epileptic attacks were fatal. Autopsy showed the 
brain abscess to be completely cured, but there were foci of non- 
purulcnt inflammation near the scar. There arc too few of such 
instances to permit satisfactory explanation of the epileptic at- 
tv-icks or of death. Hou'cvcr, since aftei surgical drainage t)w col- 
lapsed capsple adliorent to the meninges usually remains in the 
lirain, it is amazing that epileptic attacks are not more common 
after cure of cerebral absccs.ses. 


/ 


THEATMENT 

Tlio essential part of treatment is surgical. In the past, the 
operation was usually perbimied immediately after tlie diagnosLs 
was establi.shed. Tlie operation commonly consisted of a stub in- 
cision of the dura, puncture of tlic a(»cess with the knife, needle, 
cannula or special probe, forceful dilation of the incision and 
drainage by means of a niblicr or glass tube. The results were not 
satisfactory', the mortality rate of ccrclwllar abscesses being close 
to 100 per cent in some clinics, llcccnth' distinct progress was 
made when the operation was .systematized. Unfortunately' there 
is no uniformity of opinion. Theicfore, the following discussion is 
not intended to offer a definite solution of the many problems 
involved; it presents rather the personal view.s of the writer which 
may or mu\’ not stand the lest of time. 

Time for operation.— \l has been emphasized that operation 
.should be done in the quiesc'cnt phase; in other words, operate 
only' on chronic absccsse.s. Tins vimv is not entirely new. It is an 
old clinical ohsers-ation that those abscesses have the best prog- 
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iio’ii'C which are discovcrccl inoitlcnlally during; nn operation 0 !> 
the mastoid or paranasal sinnscs, i.c., abscesses in tlic quicsccjit 
stage. Ilovvcser, one shotild not wail too long for the quiescent 
pliase of olorhinogcnojis hrnin abscesses lK*cat>se many do not 
enter this phase. In these cases it has been recommendt'd th.it 
consersMtivc me;isnres be used ctcltisively (p. 377). Such meas- 
ures, howeser, will hardlv aclnesc a airc of acute brain abscess. 
Whether penicillin will be more elFecthe remains to be seen. 

An acute otorlnnogenons abscess must be considered in- 
esitably fatal unless drainage is attempted. Granted that the 
mortahty rate is high, operation apparently oilers the only 
chance of saving the patient's life. Unfortunately, in the incipient 
pluLsc there are no ssinploms indiciiling whether or not tlie ah- 
swss will pass into the rjniescent phase, but if symptoms sngge.s- 
tl\c of the initial phase <lo not subside or if they Increase in two 
to four d.ns, a r|niesccnt phase is not hkcly to deselop. In these 
cirtnimslances exploration of the brain is apparently less lia/artl* 
oils than waiting for mamfoslation of the qinesc'cnt phase. In fact, 
in a case of acute hraiii ahst'css hi which 1 opcratetl and the 
patient dunl of pneinnonu. autopsy reve.iled the abscess xvell 
drained hy (he ojK’ratlon. Neserlheless, openilion slinnld lie tie- 
l.iyid until tlic <jnieseent st.age if the chnic-al condition permits 
postjKMicmcnt. In no eircmnstanet* shmihl the oper.ilion lie con- 
sidered an emergency unli-ss there is coma or dilficnlly in respira- 
tion. 

Siirgind firUI —It has l)een eiiiphasi/rd that operation through 
an infected field may c:iuse an infection of the leptnmeninges 
ami or the hram Tlirre is obsioiislv o difference hi-twecn punc- 
ture of normal brain and jiuntlurc of a brain abscess through an 
infected field. If a hr.iin almx-ss is drained and pus c*scapes. the 
surgical field can nn longer lx* cimsidertd strictly sterile. It Is 
prolcdjle that a ci-rtaiii ilegrrt* of meningitis abvays follows ab- 
scess drain.ige. Howeser, diffuse ineiiingitis origiii.iling at the site 
of the pmiftitre is rstremely rare regardless of whether the ojxra- 
tion is perfortmsl through a sterile or infiTteil field. Osteomy elitis 
after operation through a sterile field is not as nire. In puncture of 
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normal brain, both clinical and experimental observations indi- 
cate that meningitis or brain abscess seldom follows. 

The hazards of operation through an infected hold arc fre- 
quently exaggerated, whereas the advantages arc not sufficiently 
emphasized. Tliere are three particular advantages. (1) The ab- 
scess is drained where it is nearest the surface. All surgeons 
emphasize tlie importance of this factor. Since most otorlhnog- 
enous abscesses- e.xeept those caused by sinus thrombosis, are ad- 
jacent to the site of original infection, the approach through the 
originally infected cavity meets the abscess where it is closest to 
the surface. (2) Many otorbinogenous abscesses are associated 
with other infections, such as osteomyelitis, external pach)'men- 
ingitis and sinus thrombosis. In an operation through the infected 
field such complications can be managed at the same time or, at 
least, arc encountered in the same surgical field. This does not 
hold true for the opeiation through a sterile field. (3) In an 
operation tlirough the infected field, a cerebral abscess is drained 
at the lowest point, a temporal lobe abscess throtigli the tegmen 
(jTTjpani and a frontal lobe abscess tlirough the floor of th^fronlal 
rimis^Thus, gravity innuenc^Hfamagc, whereas in an approach 
through a sterile field gravity does not come into play. In cerebel- 
lar abscesses drainage at the lowest point cannot yet be acliieved. 

There is no good reason for abandoning the operation through 
the infected field when there is active inflammation in the tem- 
poral bone or paranasal sinuses. In these instances a brain abscess 
is not a morbid entity but simply another intracranial complica- 
tion, and it should Ijc treated as such. The problem is different 
when a brain abscess follows acute otitis or sinusitis, i.c., after 
cure of the acute infection. In these instanc'cs a brain abscess is 
actually a morbid entity. Although even here operation through 
the mastoid or frontal sinus is suitable, there is no cogent reason 
for choosing this route. In addition, the scar tlirough the mastoid 
or frontal si;nf.s may be more conspicuous than one in tlie scalp. 
In comatose patients, when rapid action is required, operation 
through the sterile field may be preferable, although even in these 
patients it is unquestionably possible to establish drainage of the 
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brain al>scess llironph tlu* mastoid sncci^jsfnlly and in duo tinio. 

Surgical tcc}tnic.—'T\\Tvv motbods arc cominoidy nso<l: ( 1 ) e\- 
tiqjntion of the abscess, ( 2 ) tboc losc cl. mctli od, and ( 3 ) tlu* opni 
tmlluKl. 

ExTinrATiDV.— The abscess is removed like a tumor. I base 
not usctl tins inelluKl liccanse it seems too IiaTardous for use in 
an infccl«l field. DLsrei'nitlhi!' this hazard, the iiielliod is applicii- 
ble only in a .small iimnlKT of otorhiiiogetious abscesses. In cere- 
iM'Ilar abscT'sc's it causes too rapid change of pressure in the pos- 
terior cranial fossa and should not Ik* used. In rhinogenous frontal 
IoIk* abscesses, renuisal of part of the frontal pole of the bram is 
re<piired to approach the abscess In temporal lobe absct*sscs the 
method is applic'idde onb if the capsule is quite thick and if the 
fillers of the t-ipsule arc not tvsistetl with the ner\e fibers of the 
brain. It mas take tljroe months or more for sneb a capsi)I{i.to 
fonn, and'lHTs is too long to postpone ojieration for an otorbitiog- 
enons abscess. parttcidarK wben the underlying tympanic infec* 
linn Is ebrnnie It lias been suggestesl that the abscess !k* punc- 
tured seseral times iti prepare it for cxliqiation, but tills is 
iippareiitly a lengths procedure fraught ssitb baziirds. 

For openitions through an infrt 1 «l field mils the closctl and 
ojsen im'lhotls are asailable. Tlic terms “closed*" and “open** are 
only approsirnatt* In the clostxl nu-tluKl the bram is punctured 
tlirongb a nick incision of the dura, svbcrcas fn the opi'ii metiioil 
the brain Is ss-idels csjkwcsI liefore pimetnre. The practiwil sig- 
iiificanit* of this tenninology is tli.it ssitJi the open inethtKl a brain 
beniiation Is quite hkcls to wair. With tlie closi-d nu-tluxl hernia- 
tion is rare esoept in the prcst-ncc of eitrcmcK Iiigh intracranial 
liyjK-rlcnsion. llic open method is iK-liesctl to cneour.igc infection 
of the sulKhtral sp.iccs, sshicli sloes not wcur uilh the closeil 
method. In neither mcthoil is the oiwfn* prtfccth’iuU iinifonn, 
regardh'ss of whether the o[H-ration Is performetl ihrongli a 
stmie or an mfetted field. Siiiiv the operation through n sterile 
field is til the ri-alni of the neurosurgeon, this 51*011011 de.ils only 
with the prineiph'S of surgen thnnigh an itifi'cted field 

Tlie operation is pt*if«>mie<! tinder hyht ether niiesthesi.i. The 
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increjjsc of brain pressure caused by ether is so tri/Iing that it 
docs not interfere with the operation. In both the closed and the 
open method, wide c.xposurc of the dura is tlie first step. Wide 
exposure is inevitable to remove all necrotic bone adjacent to the 
dura. But wide exposure should also be performed when the 
adjacent bone is normal, to permit search for localized pathologic 
changes of the dura and to allow arrest of hemorrhage caused by 
subsequent puncture of the brain. Up to this stage the procedure 
is the same for both the closed and the open method, except that 
in the open method the dnra is more widely exposed. 

Closed method.— After exposure of the dura, a nick incision 
is made in the normal dura or, if there is external padiSTnenin- 
gitis, in tlie involved dura. Through the incision the brain is punc- 
tured (Fig. 93, p, 421). This is done with a blunt instrument, 
citlicr a blunt brain needle or an open cannula with a rounded 
edge. Tlierc is experimental evidence that the open camuilu 
Injures the braiu less than the blunt needle, although the differ- 
ence is apparently not striking. Ilow'cver, it is an estaldished fact 
that sharp instruments, particularly knives, should not be used, 
because hemorrhage in the subdural space and brain is frequent!) 
formidable, particularly if a spinal puncture is performed after 
brain puncture. 

A capsule will resist the exploring cxinnula like a rubber bull. 
There may also be resistance although tnic encapsulation has not 
occurred, or no resistance despite encapsulation, Tlie first Ix'pe is 
difficult to explain, but there is microscopic evidence of such a 
finding. The cannula may not encounter resistance even with 
encapsulation when a chronic encapsulated abscess I's .siirroimded 
by an acute abscess (Fig. 71, p. 332). In such a case the can- 
nula may enter the acute abscess without resistance and does not 
come in contact with the capsule of the chronic abscess, Afore- 
o\cr, the capsule of an otorhinogcnous abscess is often thin 
w’herc tlie abscess is adjiicx'iit lo the osteitic bone, i.c., at the stalk. 
Here the llim wtiII of (he abscess is fused with the meninges, the 
brain substance between the membnmes having l>ccn absorbed 
(Figs. 77 and 78), and the cannula doc.s not pass through soft 
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lissuc* before reaching ihc rapsiile. If, lio\ve\er, in a case of tliis 
l\pc the puncture Is perfonnwl at a site retnole from the stalk, a 
cjipsiile mav be encomiteret! !)et‘a«se the cjinnula passes tliroitgh 
the soft brain tissue before reaching the capsule (Fig. 83). Since 
tilorhinologisLs [>rrfnnn the puncture at tlie stalk aiul nenrosttr- 
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gtHms do it remote frotn the stalk, it is wnceivable that neuro- 
surgeons imle a capsule m<ne frerpienlh than do oturhinologisLs. 

After puncture the purulent exudate is aspiralcil. 'Flic further 
priKTsIure vanes, either puiictiire Is repeatetl after a few davs, or 
n tulx* is insertetl in the aliscess with the cannul.i as a guide. I 
prefer the first techui<' for ts\i> reasons. ( I ) Cihoiw of the projM-r 
tiiatrri.d for drainage is dilfieiilt. IiiIk's of rigid material are likely 
to injure the atrtcess walls ami encourage nipture. Tubes of soft 
in.iterial are easilv ciiiupresst’s! lis increased hrain pressure ami 
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are, lliercfore, ineffective. Strips of plain or iotlofonn gauze are 
apparently the best material for drainage, but it is difficult to 
introduce gauze through the nid; incision. (2) In cerebellar ab- 
scesses drainage is scarce!)' feasible if the operation is performed 
through Trautmaim’s triangle. A soft nihber tube introduced 
througli Trautmann's triangle almost invariably cracks and be- 
comes useless. With a rigid tube, oblkjue drainage is established 
whicli does considerable harm to the brain tissue and is ineffec- 
tive because a drainage tul>e into t he bra in sliould be perpendicti- 
l ar to th e surface . Perpendicular introduction is easy in frontal 
and temporal lobe abscesses, but is hardb’ possiI)Ie in cerebellar 
abscesses drained through Trautmann's triangle. For these rea- 
sons I use only pt inch ire and aspiration in the closed method. 

Oj'bn ArETHOD.— Tins can l)e*perforine<rm one of two stages. 
The dura is incised hyj\^ cross-incision or in stellate fash ion, and 
the flaps are tunicU over or excised (Figs. 86 and 89). Several 
methods have been advocated to seal off the subdural spaces. 
Some surgeons encircle the dura by diathermy; others suture the 
meninges and cortex with tnlcmipted catgut sutures and seal off 
the meninges and corto.x by the eicctrocoagulating current, and 
others pack the sulKlural spaces with gauze saturated with a weak 
solution of iodine. Like many other surgeons, 1 have never had 
spreading leptomeningitis develop from the purulent exudate 
which csc-.ipes from a brain !ibsce.ss and passes through the sub- 
dural spacc.s. Tljcrc is probabh* considerable local resistance to 
the infectiug organisms, and the leptomeuingeal spaces immedi- 
ately over tlje abscess are usually sealed off by adhesions or oblit- 
erated by brain edema. The Iwal meningeal resistance may not 
he present if the operation is performctl through a sterile field. 
When the operation is performed iJirough an infected field, drain- 
age is in the area which was e.xposcd to infection in the initial 
phase of the abscess. Tliis perhaps establishes a local immunity 
which combats any meningeal infection caused by the draining 
of the abscess. For these reasons, I believe that the sealing off of 
the subdural spaces is not necessary if surgery is done through an 
infected field, with chemotherapy pre- and postoperatively. 
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Wlu'ii tlic «‘rchral fortcx is <*xpwctl <otiie snrjifoiis pnst|wnp 
drainaijo of tlu* ahstt-xs for Oircf to >ix dajs. In the me-anlinu* 
elie .dKccss ttjpsfdo. if jmoolh-«aIJ«I and »n>l bound down, «iH 
b.i\i* ini'^atctl to tljc siirfacc. TliK proccdiiro is siipcrflnons when 
till- operation n [wrfortmxl ihrougli tbe infectet! field, bot-aiise 
tJi<* abscTSs is alu'ass as ijoar tbt* stirfacx; as possible. Tberefore, 
after exposure of llie eortex it is inmiediatels removed l>\ elec- 
troMirgerv or suctioti down to tlie rapsule lliis priKfdiire is inar- 
sijpjali/'ajjo^)r_^'‘mirnonng of the ulisc'css." llxtnicapsnlar JU'crolie 
and suppurative brain tissue wliicli inav Ik* present can be re- 
moved by suction. After iIm* overlviiig bram tissue is removed the 
cipsule comes into view and the abscess is punctured. TIjc outer 
pri'sentirig portion of tlie ca|rsiile is then removcxl in a circular 
manner to penmt inspection of tbv entire interior of tlic abs'c*oss 
cavity. Tlie cavitj is rdled with plain or iodofonn gau/c placed 
as a Mikulicz tampon. The gaii/e slionld he introdiicixl genii) 
and the cavitv should not Ik* firmly packixl. In several cases on 
record the ventricle nipturcd into the ahsc-ess cavity after firm 
packing of die cavitv witfi gauze To avoid the same acchlenl, 
exanmiatinn of the cavitv with instruments or with the finger 
should Ik* oinilled. The Hmir of the cavitv will now progress up 
towanl the opening in the skull. llajikLhernialJon of the hrain 
should Iw clicckeil In repeated hiiuh.ir punetures, 'vvliieh can 
safely lKj:_donedic third t o/o urt h ila v after operation. If tins is 
not possible and a large henii.ttion fonns, a!Ter-care extends over 
several weeks, but lienilatioii does not necess.mlv render the out- 
l<M)k unfavorable. 

Tlje closed inelboil t'aiises hlllc injury to tlic brain, and, for 
tins reason. jv.in*ses and epileptic attacks rarelv follow cure of a 
brain abscess. However, the cliwwl nielhotl is not successful in 
al«ct‘xses vvitb sectimlarx diverticula, and there inav Ik* a ri*cnr- 
reiice after apparent cure. There is no reciirreiux* after tin* open 
mrllifxl. Howescr. tlie ojx'ii method tranm.ili/es the hniln tissue 
more tlmn the closed methixl c!ik*s and mav cxuise considerahle 
sc;ir forrnaf/ort. For (his reason, pennarieiiC pjrs-ses and. evt'iifii- 
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ally, epileptic attacks may follow the open operation, Tliey are 
not common if the operation is performed through the infected 
field, probably because surger)’ injures parts of the brain whicli 
arc^^mute” and remote from the central gyri. 

A/ler-care.~The after-care is as important as the operation 
Itself. In tlie close method the bone cavity is loosely packed with 
gauze and the skin incision left open. If recovery is unovenlful 
the first dressing is done two days after the operation and the 
gauze is replaced by new packing. Tlie dressing is tl)cn changed 
daily until granulations fill the cavity. In the open method the 
hone cavity is also packed with gauze which i.s gradually re- 
moved in about a week if recovery is uneventful. 

Convalescence may be disturbed by brain Ijemiation, brain 
c*dcma, encephalitis, refilling of the original abscess cavity, for- I' 
mation of a new abscess, meningitis or a pulmonary complica- ^ 
tion. With the closed method brain liernialion is not common, 
but any of the other complications may occur. Systemic, general 
and focal brain sj’mptonis, particularly mental disturbances, 
headache, papilledema and eventually commlsions, will appear 
or reappear, and convalescence will be retarded. Unless these 
symptoms are caused by spreading leptomeningitis, brain punc- 
ture should be repeated. If puncture does not reveal pus, one 
may reasonably assume that the sjmptoms are caused b> edema 
or enceplialitis, and conservative treatment (p. 377) should be 
instituted. 

In favorable cases usually two to four puncliire.s will achieve 
a c^.jriiG last puncture often reveals clear o r_ yellow flu id. This 
is probably not cerebrospinal fluid but serous exud.ato originating 
in the abscess walls. Tliis finding indicates cure of the abscess. ' ^ 
If pjiriilPnfj^udatc continues to fill the abscess ca\^y, tlm mU- ' 
look is not good (p. 866), and it is often ncccssan' to switch over 
to tlui ^en method. Occasionally, a few weeks after the opera- 
tion, rarely later, general and focal brain symptoms reappear, in- 
dicating the fonnatioii of a new abscess. If at this lime the opera- 
tive site in tlie temporal bone or frontal simis is entirely healed, 
it is advisable to tap the new abscess through a sterile field. 
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With the opcn^pii'lhml the inmt. important coinplicatioiuik 
hrain heniiatlon. which nuy Ik* primary or seaintlar) (p. 336). 
"nic hcrniaTinii nsualh octnipics tlic mastoid niid tympanic ciivily 
or tlic frontal siims, hut this need not interfere with the after- 
cure providetl tlic operation on the temporal hone or frontal sinus 
was completed heforc exploration of the hrain. After-care is wn- 
«*mcd onl\ w itli the brain iiemUtion, not svith the surgic-al ca\ ity 
m the Ixmc. Infections in the tyiii|uiiic eavits nr frontal simis 
rareh cause an abscess in the bulging |>ortion of the hcniiation. 
If thew do, flnctnation of the hemi.itHm can he observed, and the 
ahsi'ess is incised or it mptures s(>ontnneoiisIv toward the surface. 

Herniation causcxl h\ hrain edema, which ocenrs frcrpienth 
in children, may graihialK increase in size for a month or six 
weeks. There is no rapul extension or marked hemorrhage or 
necrosis, and the surface of the hemialmn consists of smooth, 
jim'infc cx’rt'hral cxirfex. Systemic sunptoms are not pix’senl, hnl 
there mas lie general hrain sxmptoms, particularly papilledema, 
llie henii.itloii is coscred with sasehne ganze and omscrvallve 
treatment (p 377) is instilnte<l. In these cases convalcsctmec 
tna\ extend os or tsso tnonllis and more. 

With hcniiation cxuises! hv nonpnndent localiztxl encephalitis 
the findings arc the same as iIkkc for hrain cileina. Wlien the 
I'liccphahtis is \ inilciit and prognwsise. for example, phlegmonotis 
encephahtLs, the liernialion grows rapidiv. soinelimrs in a periotl 
of hours. Soon hemorrliages iKx-iir liolh on the surface and in 
tin- fungus, and esers dn*ssiiig cimses a new hemorrhage. In a 
short time necrotic sjKits apjKxir ansi extend rapidls. The siirfacs- 
of the herniation no longer cxiiisists of smootli cerebral cxirtex, hut 
has a rough surface whicli b hemorrhagic, necrotic or punileiit. 
Sssicmfc ssinptoms inav or ma) not Ik; present, foc-al brain 
sunplmns arc striking and increase rapidU in mimher and In- 
teiisih. Treatment is the same as for herni.tlion cxhisih! h\ lir.iiii 
iKlema, except that chcmolherapx must Iw added, nesi-ction of 
the fungus is of little xalue lM*cause it ret'urs rapidK as long as the 
encephalitis b actix** mid xinilenl. 

With meningitis the fiingiis do<‘s not risich cxmsiilerahle sl/e. 
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Moreo>'er, the s)'stemlc a nd meningeal svmp.t om^.peimlt_eQiTcct 
^uiynosis. Tlic abscess rarely refills, nor does a new abscess fonn 
If the open method was correctly performed. Fulmonar)’ compli- 
cations must bd managed according to the standard methods. 1 

If during convalescence the ventricle ruptures into the abscess 
caWty, everything must be done to insure free drainage of cere* 
brospinal fluid. The foot of the bed must be elevated, and dress- 
ings should not interfere witli the leakage from the ventricles. 
Some surgeons suggest the forcing of fltiids, with intake ranging 
helwcen 3,000 and 9,000 cc. in 24 hours, depending on the age 
and size of the patient. Chemotherapy must be liberally applied. 
Ill a ease of temporal lobe abscess, a great amount of crj'stal-clear 
flviid escaped from a brain herniation, although a gross fistula 
leading into the ventricle was not found. The fluid saturated the 
dressing, and even the pillow was wet. Fluid mixed with air bub* 
l)lcs also filled tlic subaraclmoid spaces covering tlie herniation. 
The patient was cured. 

Consercalive frcofnicnf.— Conserx'ative treatment alms at 
(1) increase of natural resistance, (2) disinfection of the brain 
and meninges and (3) reduction of intracranial pressure. To in- 
crease natural resistance, rest in bed, a Iiigh calorlc_diet and 
freijuenl catharsis or colonic irrigations are essential. Blood Irans- 
fusion.s should not he given because they may cause brain edema 
associated with extreme rises of temperatu re. Great care must he 
c.x'crcised to prevent pnenmoiiia or cystitis, particularly in elderly 
patients. Tlicsc complications are common xrith brain abscesses, 
as are pulmonaiy emboli and abscesses if a brain abscess is asso- 
ciated sntfi sinus ifirombosis. Tfic effect of sttffonamides- and 
penicillin on brain abscesses has not been thoroughly studied, 
although other surgeons and I have used them with .satisfactor)' 
results. From a tlieorctical point of view one may assume that 
these drugs should aid in the prevention of spread of encephalitis 
or meningitis. \Vliethcr or not they encourage the formation of a 
capsule cannot be stated. Of great importance is the treatment of 
increased brain pressure. For this purpose, spinal punctures and 
lispcrtonic solutions arc available. Spinal punctures liave partial- 
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Lir \ aliie in ihe trealincnt of heniiations*, tlit* injection of Inper* 
tonic solutions has only a temjKirary effect, at best. X-yay t^l; 
nient of heniiations docs not yield definite ri*snlts. Oc-casionally I 
Iiaxe [nmctnretl the xenlriclc tlirongli a heniiation caused by 
brain edema TJie piinetnn* was well toleniled and r«Iiicctl the 
heniiation. 

TKMWmM. l»iu: Ans( r>s 
rATlKII/iG^ 

Tlie temporal IoIk* is most commonly iiuolsed in olorhinog- 
enoits brain absst-sscs. The infection mav originate in ( I ) tlie 
temporal bone. (2) lateral sinus of the dura, (3) cavernous sinus 
or (-1) sphenoid sinus, fleamse the leniporal Iione is of utmost 
iniporlanct'. this section deals particularly witli otogenous tern* 
pornl IoIh.' abscesses. 

In tbrombopblebitis of the lateral siiiti!: the infection may 
trasel along the \ein of I..;d>lK‘ (Fig. 7, p. 18) to the lwn[>oral 
lolie. Tlie di.ignosis is made only ctceptionally tbtring life because 
these abscs*sses arc tisu.dK small and form a short time Wfore 
death and the ss inptoms are usually obsciirwl by those of simis 
tbrnmbnsis. In ibrnnilKiplilelntis of the cas onions sinus the infec- 
tion IS carriitl to the tcm|)oral lolw along the middle cerebral 
scins (Fig 19, p. 561 Tlie clinical courses of the two foregoing 
Isyes of temporal IoIh’ aliscess are similar. Infection of the sphe- 
noid sinus max cause a leinixnal bilx* abscess if the sinus is 
trenieK large and extends biteralxxard to the pole of the leniporal 
IoIh* (Fig 21, p. 711 These fast's are rare and from a praeHc;d 
point of xiexx are n<it important. 

As far as the trnijxnal Imjik* is coiicenied. the princip.il sources 
of temjHiral loin* al>stt*sH*» are the Ixmpanic and inastiml cavities, 
the a|X‘\ of the |K*trous lunie and the temporal stjnaina. Infec- 
tions of the imicT ear almost nexer gixe nse to a temporal lobe 
ab'(x*s$. and tlie |wlrmis and osletimxelilis of the temporal 
sijuaina are nniixiial sonret*s. llie Ixinpanic ambor mastoid cavi- 
li<-s often gixe rise to llii‘se abscesses. The infection trax'els al- 
iiKJxt exrbixixclx ibrougb the tegineii txiiipini bv itintigiillv or bx 
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continuity. The entire tegmen, from the superior petrous angle 
down to tlic roof of the onstadiian tube, or only a part of it, jna\' 
i)e involved. Infection by contiguity seems to be more common 
and causes necrosis or a fistula of the tegmen. Necrosis involving 



I'lG. nbscess of tmp«>ral lobr. Note rupture info inferior Jioni of 

J.iUruNcntricIc (if ) and tfnf.ujremenf «f cc-rcbrul liemtspberc on tbe itnobcd skIc 
o, «>!vfart fissure, h, superior tempnniJ gjrus; c, mesijt {enipornl g>TMs, c% uifcnw! 
fJipsnJc; /. rtirnu Anim<;nu, g, fustUmn gyrw; h, ntedulb fibbnig.ifj, /, {wjjis. Ar- 
nnv fiKlicafci opi-ning i>{ .ibst«s lm*an] iho IsTnpanojwaJluid RivJf). 


oiily a small area hidden in the roof of the custaebian tube may 
puss unnoticed, and tlie surgeon may tliink that the abscess was 
fonned by infection by continuity. The dura of the middle cranial 
fossa may be nonnal or sliow’ external pachymeningitis. Among 
21 cases of temporal lobe abscess I obscrs’cd 10 in which the dura 
was definitely thickened and cos'crcd with gnimtlalions, and in 
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tliree of these there was a Hstub. In seven eases the dnra, as far 
as it was <‘xpose<l at oj>cnition. was nonnal or preseiitwl slight 
changes, such as h)*percinia or dejwsils of fibrin. Of these seven 
cases, two were caused by sinus throndmsis and In one case ptim* 
lent encephalitis of the leinjioral lobe was discovcrevl. In four 
there was atj cxtradnral abscess. 

Ologenons temporal IoIm.* absevsses prttnarily oc'cnpv the 
white matter of tlie third temporal gyms. In a coronal section 
through the hram (he abscess forms a C“4iviiy extending from the 
gvms up and mesialward toward the inferior horn of the ventricle 
{Fig. 8-1). forward to the anterior Iwundaiy of the inferior horn, 
lip toward the white m.itter of tlie sc'cond or, eventually, the first 
lrm|>oral gvrns and baefc toward the occipital Jobe. Occiisiooally 
the abscess reaches consideralile si/e. There is a recorded case of 
a child, aged 2h. who die<l of a temporal loin* nbscfss containing 
ijtl w. of pus In such nvie instances the abscess may cNlcml up 
to tbe parietal lolw and postcentral g>nis. bnl never Into (he 
frontal lolie^ If tlie temporal loin* ahsc-css Is associated vvllli a 
hraiiHhira fUtuIa the fistula iisnally pierc'cs the third temporal 
gvms. 

Lirge jHickcts aiut iliverticula are not ime-ommon with otog* 
enous tempmd lube al»scx*ss. Multiple leinjxiral lob(‘ abscesses 
arc lielicvitl to oex-ur in aliont 9.5 per 1 x 111 of the cast's. 

SV MnxvsfATOUXIY 

The sjstenne ami geiiend liraiii symptoms are discussed on 
p.ige 352. This sixiion deals with the c.it and focal brain s)mp* 
toms. 

liar -vi/mpfo/iiT — Tenijsonil IoIk- ul>scxvstw mav Ik.* cxuised bv 
chronic or acute otitis .iml iiiftxiions following mastoid oper.i* 
tiouv. Tliev arc exmved most often by ebrome or acute otitis, with 
the foniicr sixmmg to lx* of greater importance. Among 22 cases. 
I found chronic otitis m l-l. Apparently the dilTerencx helsvcen 
acute and chronic otitis is not as great as many surgeons empha- 
size. for in amte otitis a teni|ionil IoIh* ahveess ni.iv ap{K*ar after 
the infection in tlie tsTiipanic csivitv lias undergone sjHMilaiieous 
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cure, obscuring the role o£ the acute otUis as a causative factor. 

With chronic otitis cholesteatoma, particularly of the epitjTn* 
panum, is of utmost importanc'c. In a case presenting symptoms 
of brain involvement Uie finding of a cholesteatoma of the epilj’m- 
panum definitely corroborates the diagnosis of brain abscess. 
Even more important is an acute exacerbation of a chronic ear 
infection (p. 190). An acute exacerbation may be noted in each 
phase of temporal lobe abscess. In the initial phase the cerebral 
symptoms are often obscured by the symptoms of the acute 
e.\acerbation, so that it may be impossible to determine tlie in- 
cipient stage of a temporal lobe abscess. In the quiescent phase 
acute exacerbations of slight degree may continue for a few days 
and do not appreciably affect the clinical course of the brain in- 
fection, although they may cause changes in the walls of the 
abscess. Finally, an aaite exacerbation causes the quiescent stage 
to progress to the manifest stage, in which the cerebral s\TT>ptonis 
usually obscure the symptoms of the acute exacerbation. 

In the first two or three weeks, acute otitis does not cause 
formation of a brain abscess. Therefore it is the subacute (p. 113), 
not the acute, otitis wliich may be the source of the temporal lobe 
nhsce.s.s. If in these cases there is a profuse discliarge from tlie 
ear, if the drum membrane is red and slightly bulged and pre- 
sents a nipple formation and if there is definite mastoiditis, e\er)- 
otologist will consider the car a potential source of an intra- 
cranial complication. All of these symptoms may be absent, par- 
ticularly in mucosis otitis (p. 103); nevertheless there may he an 
otogenous temporal lobe abscess. These infections of the tympanic 
cavity are often mistafccnfy caffed latent ofifis.” Tfiese infections 
arc not latent, because acute otitis cannot be considered cured 
until tile local car symptoms have suicided and until the patient 
has also regained his pre-infection physical status. When after the 
third week of acute otitis a patient complains of headache, oc- 
cipital pain, tinnitus, dizziness or impairment of hearing, the otitis 
cannot he considered cured. It docs not mailer whether the dnim 
membrane is red or gray, perforated or intact or whether there 
are definite mastoid sjTnploms or not. Unfortunately such patients 
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iire oftfH tlisiuissocl despite llicir syuiploms. A fc'w nocks lalor a 
brain al»crss do\ olops and an o[HTalton thrcnjgh a slcrilc field is 
iisnaUv [H'rfonnod. Tlio n|>cralioii is fmpiojilK’ succossbil Ijocanso, 
of all olorliinogonons abscesses, tliosc wliicli develop after appar- 
ent cure of an niftclion of the tnnpanic easily and mastoid 
process rc“spond most favorahU Obxionsly brain abscesses of this 
Ivjx* frerpienth could Ik* preveiiletl had a mastoid oj>eralion iK-en 
porfonned at the projK*r lime Tliis statement may seem to con- 
tradict the fact that teinimral lobe abscesses may develop after a 
mastoid operation, but such casis eommonlv result from an In- 
aderpiatels |K'rformed simple mastoid operation. After a radical 
m.istoid operation a lem|Kmd IoIh* abscess is extremely rare. I 
base -sei'u onb two cjise.s 

bi one case there was postoprratise aln*sia of tlu* extcnul ran.nl, 
and hnoml the atresu was an ascsimiilntuni of pus. 

In the other case radical mastoid and stnns-jiign].nropcratinns ncre 
performed Tno sears^btrr the |>.itient compLninetl of dizziness and 
octipitai patn Tiiere v\.ts a stiuli aiiiouiit of secretion in the tympanic 
casitv. hot the l.iIisTioth on the tiisoKed side svas not excitalilo and 
the eeribrospiiial iltiui was iloiidv and sterile Tlie operation did not 
reNewI any palholo>;>. Init at autopsy the teiii|X)rjl lohe was found to 
l>e aiiherenl to the dtira sshich had been exjsosed two jears iM'fore. 
Tliere was an ah$c<*ss in the temporal lolie. Since the temjviral Ikitk-s 
wiTC not esaninutl miirnscopicalK the p.ilhogenesis of the abscess 
IS not clear 

Tlic more fietjiient incul<*iice of temporal lobe abscesses after 
simple m.i>loul operations is apparently due to the fact that 
tliis operation is not staiulardirt'sl. Isstcnsion of the operation 
dejx'iids large on the piieiiniatiAilmn of the temporal bone, lead- 
ing to errors m tit-hme Tsso tecliiiK-al errors are especiallj' com- 
mnn. ( 1 ) infetted a*l!s are left in the petrosal angle or zjgoma. 
and the infliinmalion remains actue in the ci*ll walls and ma\ 
cause an infi*ction of the brain (2) A simple mastoid ojK*ratiim 
is |K*rfofineU in the prwnw of snbaenle otitis. Tins act'om- 
plishes wide drainage of the mastoid ca%it\ but not of the tun- 
jMiiic casitv. which is drained otiK through the narrow channel 
of the mastoid antnim TJiis dniiiiage is sulfieient sshen the 
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(Inim membrane is perforated and tlie tympanic cavity does 
not contain adliesions or granulations, in other words, when 
the operation is performed in the third or fourth week of acute 
otitis. In subacute otitis or acute recurrent otitis tlie tjTnpanic 
cavity, particularly tlie etwtvwpaniim. may be i)arlially filled 
w’ith adhesions or granulations rvliich interfere witli drainage of 
pus tlirough tlie antnim. Therefore, pus may be retained in the 
t)Tnpanic cavity, particularly when lire perforation of the drum 
membrane is closed. Simple drainage of the mastoid antrum is, 
therefore, not sufRcient, In all such instances the lateral wall of 
antrum and cpitympanum should be removed (p. 122, footnote). 

Foctil brain symptoins.-These syinploms are local and remote. 
The former include disorders of speech and defects of s’isual 
fields, hearing and smell. Disorders of speech are found with S7,5 
per cent of temporal lobe abscesses on the left side in right- 
luindcd persons. The size of llie abscess lias no appreciable effect 
on the manifestation of aphasia. 

Altliough Head's doctrine of aphasia’ is not generally accepted, it 
sers’cs die purpose of the otolaryngologist, who usually is more inter- 
ested in establishing the diagirosis of intracranial complic.ition than in 
aiialyzifig the type of aphasia. According to Head, an organic disease 
in the speech area of the brain may cause four difTercnt types of speech 
<lcfects. 

1. Verbid aph.isi.i. “The characteristic manifestations . . . consist 

m.jinly of inability' to disco\cr the exact form of words anti phrases 
ne£^ss.arj’ to perfect external and intenwl speech, together witli want 
of power to transform them into written characters." The patient 
understands spcccli wliicli lie hears or reads. The expression of num* 
tiers is poor, y'ct the rvlalioii of coins of different values is uuclerstoocl. 
This type of aphasia is usually «uiscd by a lesion of the third frontal 
gy’Tus, in front of the anterior The lesion is usually associated 

with hemiplegia or brachioplegia. 

2. Syntactic aphasia. This is a more or less profound disouler “of 
the internal balance of a word as an orderly rhythmic expression.” The 
patient talks rapidly but in jargon or paraphasia, lie tends to omit 
prepositions, conjunctions and articles; polysyllabic words are slurred 

Head.; Aftfiatia and Klmhcd ti/ SiKveh < Cambridge, Englaml; 

lD2Gh 
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or ixiorly pronouiicTtl. He rnmmiKTS or uiiclcrslniuls ^vor^l^ l)iil oot 
phrnsrs. Tlir lesion is nsually In llie criitiT of tlie first tniiporiil g\Tiis, 
i)Coeatl» tlie foot of the {XAtmitrai gj-nis; assocuted symptoms are 
dch-cts of llic visual fields nml perlups liodnate attacks. 

3. Nominal aphasia. In this U’pe there is lack of jwwer to designate 
objects by natne. Although the p.itlent possi’sscs plenty of words he 
cannot appU them properly, parliciilarly nouns. He paraphrasis, con- 
founds the words and mts intiiietfc expression. Iljere is difTiaihy in 
iindmtaiiding and execiitiiig oral or printed commands. He docs not 
comprehend what he reads to himself, and spontaneous writing is 
jjoor. although he may wnte sitmewhat bitter on dictation. He dois 
not projK-rly ulentify letters, wins and mimhers, and arithmetical prob- 
lems are sohrd with ilifncttlty. He can sing without words and kitnws 
whether music is correctly pkiyrtl by others, but be c:i»not read iniisf- 
cal notes. Tliis syndrome, which many neurologists consider a sensor)’ 
aphasia in rctrogrisslon, is canstsl by a lesion in the angular gsnis, 
posterior third of the iipp<f temporal g>Tus and adjacent parietal area 
m front. 

A. Sem.mtlc aphasia. “Tliese defects are char!icteri7«l by Lick of- 
recognitfon of the full significance of words and phra.ses apart from 
their fnimediale scrh.il meaning. Tlie p.aliefit fails to comprehend the 
final aim or goal of no nctiun loiliati'd spontaneously or imposixl on 
him from without." Some netmdogisls cousiilcr this not aphasia 
proper but an agnostic disordiT. It is caiiscil by a lesion in the aro.i 
iietween tlie |x>stcentra( gsms and the occipital lobe, 

\’erl>.il aph.isia Is more or less identic.>i with the motor nr expres- 
si>e aplusii of the old nomenclature; the other t)T)cs arc varfelic’S or 
phasi-s of sawoT)' aph.isi.i. 

Otogenous temporal IoIk.* aincesscs do not cause motor 
aphasia. Motor aphasia in a patient with an ear infection is due to 
a ccrehral lesion iiide{H'fMl(‘nt of the car Infection, ssich as eti- 
cephalomalacla, eiiwplialitfs and metastatic abscesses, or tumor 
o! tlie frontal loin- or U caused In otogenous meningitis, not b\‘ a 
Imtjwral lobe .alwccss. 

A m.nn. aged S-r, ssith long-standing ssphilit and deafness. Ii.ad 
traumatic aisite otitis on the left after remos’al of csTumen. In the 
fourth ssi-ek of the otitis thsTr sserc chills. fesiT almut I(h2i2 T. and 
mastoid ivnipfoim. ,\l opcTalfon only bsiieremic n)uix>s.i am! a little 
seiDus t-xudate were found, hot a sUy liter motor aplwsLi ss-;is notni. 
Tlirre da\-s after operation there was a phh-ginon of the left side of 
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l!»o necV and chest, probably originating in the jugular bulb. The cere- 
brospinal fluid was clear. There were slight rigidity of the neck and 
a suggestion of Kemig’s sign. The next day the patient died. Autopsy 
revealed purulent meningitis, with principal accumulation of pus in 
tfic anterior part of (he syfvfan fissure and area of the third frontal 
gj'rus. TJierc was no temporal lobe abscess. 

Even though otogenous temporal lobe abscesses do not cause 
motor aphasia, they do affect the emissive component of speech. 
Occasionally patients who have recovered from temporal lobe 
abscesses have slow and scanty speech, sometimes with stutter- 
ing or stammering. 

A child, aged 4 years, with a large temporal Jobe abscess on the left 
side, displayed complete muteness winch improNcd very slowb’ after 
operation. Even here, scrupulous analysis rcwaled tb.it the muteness 
was due to sensory, not motor, aphasia. 

Of the several types of sensory aphasia, nominal aphasia is 
most significant of temporal lobe abscess. It docs not show uni- 
form cbaracteristic.s. One patient simply hesitates in designating 
objects by name. Anotlicr cannot name an object wlien he vis- 
ualizes it but can if lie makes contact with the object witli other 
sense organs (optic aphasia). Another cannot understand nouns 
the perception of whicli requires associated action of the acoustic 
and optic centers (acoustic-optic aphasia), for e.xample, he does 
not understand spoken words such as clouds, rainbow, stream- 
ing flags and similar expressions. Or he cannot name objects on 
contact by sense of smell or taste. Another cannot name countries, 
streets or towms (topographic aphasia). All these types of nom- 
inal aphasia are of utmost importance from a theoretical point of 
view, but for the otolaryngologist the finding of nominal aphasia 
per sc is sufficient to warrant certain conclusions. 

Aphasia with temporal lobe alisccss sets in gradually; sudden 
onset is rare. Tlierefore, it may l>e missed in the incipient phase 
unless the surgeon is especially alert. Not infrequently aphasia 
increases after drainage of the abscess. 

A man, aged 41, with chrome otilis on both .sides and acute exacer- 
bation on the left, presented the incipient phase of nominal aphasia. 
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Hr tlcsii;n.-jlcO some objects correctly after some hcsitalton; oilier 
iisfiies, such as colTw cup, bunch of kij"* arid dial plate, he could not 
tapress. Tor a third ^)up of names he used paraphrases: Bell, "to 
ring”, towel, 'to wipe off." Reading was good and there w.is no para- 
ph.asia. Tlie following d.iy a temporal loin* abscess on the left side was 
drained. Tlir dav .iftiT operation lie did not speiik S£>outaneoiisIy, but 
esaniinatinn risealid the following. 

Undtrstaiiding of sjxiVeii pliraw-s. 

How do \ou do**— Well, it isn'l loo bad (contituied by piraphasia). 
How did \oii sleip**— W»n, well, told lK-fi»re. 

Did \«m sleep we!l.**-Yis. 

Have \ou headache?— No. 

\Mial IS uiur age?— (p.»r.iplusi.i ). 

How do soil <!o?— Well, sou see— God— not loo bad. 

Wb.it IS sour iiame?-( par.ipbasu using many niimbens jn few 
minutes before Ins artliimiic vvas esamiiiedj ). 

\\ 1 ial IS sour age'**— 3 x 81 $ 11. 

Hase sou cliddrcn?-y«-s. 

How maiiy?-(c'orrtti) 
h jour wife jlise?-A hnirlli. 

Are sour patents a!ne'-Yes 

What IS the age of swir parc'iits.-'-Sescn. 

Where ,nrc jsiur p.ireiils hsuig*— Very w«-ll. 

Ibcsigriitiuti and naming of ciniiinon objects. 

Ke)-(parjplust.i). 

Bunch of keys— (no .uissscr. tinkling of the kiys did not elicit the 
ssonll. 

Nurse- ( p.iraplusia ) 

ClocV-(tsint’Cl) 

I*nici!-(p,ir!ipha5ul 
Bouk-{ {uraphasla ). 

Beading- He read pnntitl matter, ('slubiling marked piraph.asia Writ- 
ten ss-onls he could not r«-ad. but lie read wh.il he had written 
himself He did not itfidtTst.sml ssb.it be was rc-adiiig to Iiiniself. 
Beading of mimluTS. 
i3-(eorrect). 

7J-(Csirrect). 

lJv'>-lS15 

Tlirei* and twrnts'-sis. 

17 Ifl-Oiie thousand sesm forls-*u, 

Mrnt.il arithmetic. 

5 X 5-25. 
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G X 7-21. 

5 X IS— (no answer; he WTOte ihc question as follows: 18 X 5=5'10), 
Writing to dictation: 

I am lying in bed— (\vrote unintelligible words which sounded 
somewhat like the dictated phrase). 

Today is a beautiful day— (correct) 

That is a pretty bell— (correct). 

11)0 room is painted white— (correct, except the word “painted"). 

Tweh’C days later the patient died without regaining normal 
speech. TTic onset of the aphasia could not be determined. 

This case demonstrates tlic rapid progress of the speech dis- 
order after surgical dramage of the al>sccss. Frequently, however, 
surgical drainage improv'es the aphasia, although it may be weeks 
or even montlis before speech is restored since, in general, 
sensory apliasia does not recede as rapidly as motor aphasia. 

An interesting condition is nominal aphasia with rigid-sided 
temporal lobe abscess in a right-handed patient, Tlicre is no sat- 
isfactory c.xplanation. In some of these cases tliere is latent left- 
bandedness; in others (be aphasia may bo due to contralateral 
hydrocephalus. Tlie latter tlicoiy is entirely Iwpothetical. 

A svidespread opinion is that nominal apliasia in a right- 
handed patient witli otitis media on the left side indicates the 
presence of temporal lobe abscess. In otlicr words, with acute or 
chronic otitis on the left and nominal aphasia the temporal lobe 
should be explored. This is not w'holly correct. Disregarding 
cases in which nominal aphasia is caused by a vascular disease 
of the temporal lobe or by a tumor, nominal aphasia may bo due 
not only to a temporal lobe abscess but to subdural empyema, 
meningitis, extradural abscess or thrombosis of pial veins in the 
middle cranial fossa. Tliercforc, nominal aphasia with an car in- 
fection does not permit definite conclusions concerning the ap- 
propriate type of surgerv’. 

Defects of the visual fields are more common than the records 
suggest, because in drowsy patients the fields cannot be examined. 
Even if the mental state is clear it is not always feasible to liold 
the patient’s attention for the time required for the examination. 
Nc^•crthe}css, in all suspected cases of temporal lobe abscess the 
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CHAPTER SIX 


Encephalitis 


ENCXP..AUT1S .s an inflammalion of the brain rvhicl. may spread 
over wide areas without produeing localized abscesses 
A distinction is usually nrade betsveen P"™'™' ^ 
lent encephalitis, altl.ough fron, tire J 

pathology tills distinction is not invariably practical In fact c 
L micro-organisms, for example. Uiose caus.ng 
tjphoid feverfmay cause eitber nonpurulent 
litis. Observations in experimental infections of Oi . 

not justify a sharp distinction between 

encephalitis. On die other hand, certain types of “ 

chiding epidemic encephaUtis. polioencephahtis i. g 

superior and the bulbar type of poliomyelitis, 

caLe the production of even a microscopic amount of purulent 

Many neuropathologists do not distinguish 
brain abscess and purulent encephaUtis. They use 
cephalitis” only for the nonpurulent type an “ 

“pLlent encephalitis" and "brain abscess P— 

the otolaryngologist, brain abscess means a gross 

pus which requires surgery, whereas P^'^^^^^P^ticrZpic 

purulent or hemorrliagic-punilent exudate xn i ) 

extension. Even though it advances to formation o 

small abscesses, the enccpbalitis y,°Jo"eopicallv, puni- 

these cases surgery on the btarn is usel . • ^.’^ssels". which 

lent encephiilitis causes dilatation of le 
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CHAPTER SIX 


Encephalitis 


EK-CO..IAUT1S .s an inflammation of the brain which ma> spread 
over wide areas without produeing localized abscesses 

A distinction is usually made between ^ 

lent encephalitis, although from the Z,- 

pathology this distinction is not inr-ariably practical. In fact c r 
L„ mieLorganisms. for example, those -usuig mfl e ^ d 
typhoid fever, may cause either nonpurulent P 
litl. Observations' in experimental infections 
not justify a sharp distinction between "“X. in- 

encephalitis. On the other hand, certain types of 
eluding epidemic encephalitis, polioencephalitis “ ^ 

superior and the bulbar type of poliomyelitis, ■ j'> “ 
cause the production of even a microscopic amount of purule. 

“IW neuropathologists do not distinguish between^-;;- 
brain abscess and purulent encephahtis. They use 
cephalitis” only for the nonpurulent type, an 

Vnrulcnt enc/phalitis” and ”brain P™— ^ 

the otolaryngologist, brain abscess means a gross 

piis which re^irl, srirgery, whereas punilent ence^ 

purulent or hemorrhagic-purulent exudate vat i y 
extension. Even though it adrances to ° lesion. In 

small abscesses, the encephalitis remain J puni- 

thcsc cases surgery on the brain is vessels, which 

lent encephalitis causes dilatation of i 
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N-isiial fit‘I(ls ^hollld Ijo exauihnnl, even tiioiigli only an appro\in\a* 
tion villi ihc finger is possible. In many eases llierc is lionioimn* 
ons Iiemi.mopia witlioiil invoUcnicnl of the inacul.a. In others 
there are onU p.)rti,il tlefccls of the fields. Defects of the 
upper portion are espedallv ctHnnion: defects of the lower portion 
arc unusual. Parli.M defects usualU reccsle when the abscess is 
cured; complete heiniannpia frerjueiitly |>crsists Alexia (disturb- 
ance of reading despite good xision) has Ik'CII iioletl with tem- 
poral lobe abscesses. 

Defects of the \isual fields are usually csuised by a lesion of 
the optic radiation of Gratiolet. The optic radiation originates in 
the anterior ijundrigcminal bods, optic thalamus and. rtpecially, 
the lateral genicidate IkkU’ and forms a broad bundle of filrers. 
This Inimlle constitutes the lateral wall of the posterior and in- 
ferior horns of the lateral \eutricle and nuis into the optic centers 
at the mesial surface of the occipital lohe. Wlien a temporal lohe 
ahset'ss extends toward the lateral \entricle, as it usually docs, the 
al)scesx or the xuiToun<lmg encephalitis must necessarily invoKe 
either the entire optic radiation, causing hemianopia, or parts 
of it, causing partial defects of the \isua1 fields. Recently It was 
cniphasired that visual field defex-ts are caused not only by a 
lesion of the optic radiation but also b> a temporal pressure cone 
(p. 55) pressing on the traefus optlcnis on the same side or h\ 
obliteration of the postenor cerebral artery which csirries blofKl 
to the optic centers. 

Although nominal aphasia ni.!) occasionalK he caused b) 
an infection of the siilKhiral sp.icx's exclusiseh. an\ defects of 
the \isual fields suggest that the ccrehnmi. not the meninges, is 
InsoUtxl. In a p.iticnl ss’itli an car iiifeclinii, defects of the con- 
trnlalend visu.il field are fairh strong rsadeiitx* of cerehral in- 
volvcinent hut do not iiec-essariU <“stablish the di.igiiosis of brain 
abscess. 

In a yninij girl, a radical mastoid operation was perfornird on the 
right. Eight yiwrs later she siiddt'uly liccamr uncunsaoin. Eramitiatinn 
jliowerl a small amount of sixTetioii III the mdical mastukl casils, tlie 
c<T»l>rosptnal fluid was clear, hut Ihrre was a deft-ci in the left upper 
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quadrant of the visual field. Puncture of tlie right temporal lobe did 
not reveal pus. After tapping she felt well. WTien she was examinevl 
several months later, the field defects had not changed. Nevertheless, 
there was not the slightest indication of a brain abscess. An exact 
diagnosis could not be established, although several findings indi- 
cate the possibility of a brain tubercle. 

Several reported cases are believed to prove that a temporal 
lobe abscess occasionally causes deafness on the opposite side, 
but there is no evidence that this is true. It is more likely that con- 
tralateral deafness is caused by a meningeal infection and subse- 
quent infection of the contralateral inner ear. In a few cases of 
temporal lobe abscess anosmia was discovered on either the 
ipsilateral or the contralateral side. As with deafness, whether the 
anosmia is peripheral or central in origin cannot be stated. 

The remote focal brain symptoms may be divided into (1) 
motor sj-mptoms. (2) cerebellar symptoms and (3) s)'raptonis of 
the cranial ncrvc.s. Tliey are caused by various patijologic 
changes, including l>rain edema, contralateral hydrocephalus, dis- 
placement of the striate body, corpus callosum, septum pel- 
lucidum and lateral and third ventricles beyond the inidline, and 
brain herniations. 

Among motor S)Tnptoms, hemiparesis and occasionally hy- 
pesthesia are found on the contralateral side, and, less frequently, 
liemiparcsis on the ipsilateral side. Contralateral hemiparesis is 
caused cither by edema of the internal capsule or by a temporal 
pressure cone pressing on the cerebral peduncle on the ipsilateral 
side. Ipsilateral hemiparesis is a perplexing finding and may cause 
grav’c errors in diagnosis. It was my misfortune to make a diag- 
nosis of left-sided frontal Jobe tumor in a case of a large femporaj 
lobe abscess on the right side liecaiise the patient’s principal 
symptom was marked hemiparesis on the right. Ipsilateral hemi- 
paresis witli temporal lobe abscesses is probably caused by the 
same mechanism tlial causes ipsilateral hemiparesis with tem- 
poral lohc tumors. In both conditions protrusion of the temporal 
lobe dowm througli tlie tentorial hiatus (p. 55) and shift of the 
brain stem toward tlic contralateral side must tend to thrust the 
contralateral cerebral pedunde against the sharp dural erlgc of 
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tlif Iriitorium, llnis causing ipsibteral liciiiiparcsis. Hotli ipsl- anti 
coiilralalcml licniiparcscs usifally sulxidc with cure of the abscess. 
The jMthogcncsis of contrabtcral monoparesis, p.\rticttl.irly th.it 
inxohing tlie facial nene. is not clear. Edema of the striate l>odv 
is prohahlv the rause of rigidity of the contralateral extremities 
and of mimetic palsy. (K'casionallv fottml in these cases. 

Twitching of tlie fact*, leg or ann and exaggeration of the 
tendon reflexes on the ctmlralaleral side are prohahK caused h) 
hrain etleina. llrain wlema max also ciinse deviation of tlie exes 
and of the he.nl to the inxolxctl side Ocxaation of tlie ejes max 
or may not he axsoeLitcd xxalh p.iralxsis of lateral moxement of 
e)es to the cxmtralateral side. JacLsouLin attacks and generali/cd 
epileptic c'niivnlsions arc not coinition xxilh teni|Kira1 Iol>e ah* 
st>essesi .apparently they occur more fretpientlx after recox rr\. 

Tlie statement that a temporal IoIk* Hhsc*e.ss din's not cause 
cerchcllar sjTnptoms, and xice xetsa, is too dogmatic. It Is tme 
that crrelH.*llar abscesses rorelv c.uise sxinploms of temjKiral 
IoIk* inxolvcment, although tlicre are cases on record in wliieli 
ccreliellar abscesses caused nominal aphasia and paraphasia. In 
txsn cases of ccrcln'llar alisct.*ss I noUtl defects of the visual fields 
Ilnxxexcr, as prexionslx nu'nlloiK'tl. these findings are not cone 
mon. .^^ore frequently, «’refK*|far sxanptoms arc notixl xxilh tem- 
poral lobe abscesses, including 5poutam*oiis second degree nx'St.ig- 
mils to the iiixolxitl side. |Wsl-pointing xvitli the txmlraUlcral arm, 
falling hackxx~ird and to tlir roiitralateral side anil verliml 
nxstagimis, xxhich occurs espcci.illy xxlien the nhscx*ss ruptures 
into tlie xenlricle. 

Of the cranial iierxcs, the ixailoinotor nerxe is often inx-oKetl. 
Kinsing various sMuptoms such as fmdri.tsjs on the Involverl side; 
unikiteral ptosis, ptosis and mxdri.'ists, ptosis, mxdriasis and 
p.iresis of the Internal rectus muscle, ptosis, mxdriasis and p.iresis 
of tin* siqxnior and internal rectus muscles, and complete ckiiIo- 
motor p.i!\y. The commonest is mxdriasis on the inxolxeil si<Ie, 
xxhich occMsionalU can Ik* inereascil l»x irrlg.ilion of the c.ir xxilh 
told xvalrr. Itiipturo of the alxeess into the x'entricle iiny cause 
liikileral imdrwsis. I’lipillarx- rraclimi is usiulU iionnal, rarely it 
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is sluggish. Only in the terminal stage of meningitis is pupillarj' 
reaction occasionally absent. Autopsy may reveal inarhed flatten- 
ing of the oculomotor nerve. A temporal pressure cone causing 
downward displacement and compression of the oculomotor 
nerve against the edge of the petroclinoid ligament has already 
been mentioned. Pupillarj’ symptoms may also be caused by com- 
pression of the quadrigeminal body- Paresis of the superior 
oblique muscle is apparently not common. 

Patients witli a temporal lobe abscess may complain of pain in 
the eyes and forehead. Tlie pain is continuous but may fluctuate 
in intensity. There is no anesthesia or hypesthesia, and the comeal 
reflex is normal. Some neurologists attribute this type of pain to 
pressure of the abscess on die first branch of the trigeminal nerve. 
Whether or not this explanation is correct cannot be definitely 
stated. Abducens paralysis and paralysis of the hypoglo.ssal nerve 
on the ipsilateral side are not common. Some otologists claim that 
temporal lobe abscess may cause necrosis of the inner ear from 
pressure on llie interna! auditory artery. I have never made suc)j 
an observation cither witli temporal lobe abscesses or with 
acoustic tumors, wln'ch e.vcrt more pressure on die artery than do 
temporal lolie abscesses. 


pnocNOsis 

According to tlie literature the mortality rate of temporal lobe 
abscesses is Iret^veen GO and 70 per cent. My experience includes 
32 temporal lobe abscesses. In one group I acted as consultant 
Only; in a second group I perfonned the operation or assisted at 
the operation but had no part in the after-care, and in a third 
group I managed both operation and after-care. Of the 32 ab- 
scesses, four were found at autopsy. Among the remaining 2S 
cases, 19 patients died (OS per cent) and nine were cured (32 
per cent). Tliis mortality rate is appallingly high. However, these 
cases were seen over a period of more tlian 25 years and were 
managed under various unfavorable circumstances. For one thing, 
the operation was perfonned whenever the diagnosis \vas made. 
Thus, in a considerable number of the cases the operation was 
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{>crform«l in {lie acute pJiast», xi'lii'ch ei'cutually \%’oiihl ha>-e l>e* 
t-orue qnicsccnl had no o|>eralion been jHTfonTictl. In another 
ipxmp the operation was done in llic terminal phase. In sescral 
cases tlie brain abscess was associated with such se\ere infec- 
tions as sinus Ihromlxjsis and labjTiiithilis or scserc sssteniic 
diseases such as arteriosclerosis and toxic leukopenia. .Moreover, 
the surgical technic formerly used !iy the s'Titer was not aderpiate. 
Finally, a considerable numl>er of fatalities were caused not by 
brain abscess or meningitis but by pulinonaiy infection. In view 
of these facts, the statistics picttire the prognosis for temporal lobe 
absci*sscs inanagtHl under exceoilingly unfasorable conditions. 
They ctinnot be comparrxl xvith statistics on chronic abscesses 
operated on in tlie <juiescent phase, frcijucntly after spontaneous 
cure of the infection of the t\mp.inic cavity. 

•nirjsTMi^T 

Operation consists primarily of surgical annoval of the entire 
tegmen. Ilegardless of whether or not the legmen shows gross 
]utho!ogic change, it should be removed from the superior 
petrosal angle to the eustachiati tnl)e. A simple mastoid 0 |x*ratl(m 
does not provide suHicicnl space for drainage of a lem|>oral lobe 
abscess, so llial even with acute otitis ibe simple mastoid op<Ta- 
lion should be enlargesl by removing |wrt of the lateral attic wall, 
or ft conservative radical o|)eration should be jH-rfonnwl if a 
low cpitymp.immi docs not {K'nnit the saving of the "bridge" of 
the mastoid antrum. M'hen the tepnen is removed part of the 
temjioral sijuntna the si./e of a silver dollar is also removed (Fig- 
85). Tlie operation on the temporal I»one should l)C completed 
l>efore the brain is cnlerwl unless the p.il/cnt is in a coma or there 
is difnciiUy ill hreathiiig. In the presence of these complications 
part of the tegmen is rapidly rrmovesl and an ntli-mpl imincdi- 
ately nude to drain the alwews Completion of the Ixinc o{KTa- 
tlon can l>c postponed 

For the brain ojKTallon a new s<*t of instnunents is prepared. 
'Pile procedure of cboliv is the open melho<l (p 373). Ilovvevrr, 
several conditions may interfere with the use of the typical tcch* 
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nic. The changes in the dura must be considered. If the dtira is 
grossly normal and there are no adhesions between dura and 
brain, a cross-incision is made and the four dural flaps arc re- 
flected (Fig. 86). \Vlrcn after incision of tlie dura a large amount 
of cerebrospinal fluid escapes from the subdural spaces, it is un- 
likely, although not impossible, that there is a brain abscess and 
further procedure should l)c postponed. The finding of extenial 



Fic 83.— Bone defeat after oprraljon for lemfxjra] lobe .ibsct-ss. 


pacliymcningitis without dural adhesions does not interfere with 
this technic, whereas tlie finding of localized necrosis or of a dural 
fistula requires certain mo<lificalions. Both necrosis and fistula 
may he due to sidtdural empyema or brain abscess (pp. 134 and 
140). In the presence of localized necrosis a cross-incision is made 
ill the necrotic area exclusively, but tlie brain is punctured only 
if the diagnosis of brain abscess is definite. If the diagnosis is un- 
certain puncture of the brain should be postponed regardless of 
whether the dural incision causes primaiy' brain herniation or not. 
If there is a dural fistula an attempt should be made to enlarge 
it provided there are no adhesions between dura and brain. If 
adhesions encircle the mouth of the fistula, the next step de- 
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jH'mls <m tlie disrast' cutting the fi«tu1a. Tlic tecluiic for mati* 
aut-njcnl of a fistula causctl hy iiitcnial p.ic!i\mciutigilis is clis- 
ausctl on page MO. If a Imun nlisccss ii the canse, the op<’n 
metlaxl is not suUal)U\ fH'c.mso a sexering of the adhesions 
would encourage spread of the infection. Eillicr simple puncture 



Pii. so -<^«rrjtt.in f.>» Irinpiirjl tilir .ilnont t}in'U|;li llir firki Ifijwn 

inrsiioti) (Hy 1- IWtgnuniu) 

and suction of the olisei'ss iimst lie done through the hrain-dura 
fistula or tlie oj)cn iiielluxl must fx' uses! remote from tlie fistul.n 
If (he dura alKjse lh«' legmen tS'mp.-ini is finnU adlicrent to the 
tvrehnil cxirti't the ojx'ii inethosl cannot Ih' nssxl and must lx* re* 
pbcsnl either hs the cIossh! methcKl s>r !»s the ojx'n nielhosi [ht- 
formed in the area of the temporal srjnama. 

After tlie dura is Intisetl the next sts*p tlejK-iids on sshelher or 
imt a pnniarx limiiatioii (p SlSt occurs If there is no primars 
hertii.ilioii the cerehral txirlex in.iy present a nonn.al apjiearaiice. 
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or it is anemic, the meningeal veins arc dilated and there may or 
may not l)e a necrotic spot and eventually a cortical fistula. The 
latter changes indicate clironic brain abscess, and the open 
method with typical technic caji be used. If the cerebral cortex 
is grossly normal, an cxplorator) punetttre shotrld Ije performed 
if clinical findings strongly indicate brain abscess. Otherwise con- 



Fic. S7.— Trmptjral Jobe /, Pnn>3r> i>J b/ai]>, ctnmtl b>’ 

dclif.ite epidermis. 2, Two nwnllis later, showing disappearance of herniation. 


scr\’ative meastires should be tried and the result of the opera- 
tion observed. 

To ptmclurc the temporal fofx*, the cannula pierces the i>ase 
of the temporal lobe in the area of the third temporal, or fusiform, 
gjTits and ads'-tinccs slowly up and mcsialw'ard toward the inferior 
horn of the ventricle for a distance of 3-^1 cm. If within this dis- 
tance the cannula enters tlic ventricle and clear cerebrospinal 
fluid escapes through the cannula, one may he almost certain 
that Uierc is no abscess of the temporal lobe. Otherwise the ven- 
tricle would be compressed and the cannula could not enter it. 
Aspiralion of normal brain tissue through the cannula is also a 
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strong liulicatjon of al«cnct' of a hram abscess, because lirain 
tissue near an abscs-ss sbmvs etlema or encephalitis. In these cir- 
annstances no more punclurt^s shmiki be performed. If, Iioweser, 
puncture docs not jH’ninl dcfinile conch»sions and the clinical 
condition s««ggests brain abscess, two more punctures may 1 h‘ per- 
foniirtl: one directed np and forwjird (owarti the pole of the 
tcrnjmral lobe, and one dirccleil np and backward toward the 
oecipital lol>e. Hie first puncture is tlie more inipt)rtant. If one of 
these punctures reveals pus the ojxm metluKl can be applies!. 

Management of priinarv- brain hennniinn (Tig. S7) canscrl li\ 
an aaile abscess, and occasionalh I»\ a chrome abscess, is nunc 
dilfiadt. Sometimes nature* soKcs the problem, as when the ab- 
scess catiscs a fistula of the ct*fehral coitcx or the hmln protnides 
with such force that the cortex bursts. In these instances the 
fistula should 1)0 enlarged to create projH'r drainage. Ibe re;il 
problem is mainletiajice of drainage. The jntrtxliiction of tubes 
into the aliscess is not cffeclKe because soft tubes are compressed 
by (‘dema and rigid tniK’s irritate the (xlematons hmin and are 
rapidl) expsdlesl K\en gan/e is ap|Mrcntly Irritative*, c-ausing an 
increase of edema. For these reasons, repealexl piinclnre of ihe 
hrmialetl brain Is the ntelfio<! of choece. In the presence of an 
acute abscess spinal pjincturcs are not partinilarly effective. l>e- 
c-ause tliey must not lx.* rr{>catc<I loo frerjurnth and bec;iuse not 
more than 1-3 cx*. of fluid c*an Ik* withdrawn at I'ach puncture. 

If after incision of the dura primary bnun hen>i.illon wx-nrs 
but there is no brain fistiiLi. the lirmiatcd hrnin should he punc* 
lnr<xl providf*d the chnic.il ssiiiptntns stronglv indicate hrnin 
abscess If the puncture reveals pus. man.igeinent is llie same as 
for spontaneous brain fistula K no pus is revtsdtxf. conservative 
measures should Ik* instituted ami further changes of the hernia- 
tion csirefnlK ohsmixl 

rnovTAi. I^onr Aiwa i.ss 
i‘cniot/x;s 

Frontal IoIk* nhsctssi-s an* caiisixl b\ infixtions of the pan- 
nas;d sinuses. .Metastatic ;d«c«*ssi*s origimting in .i lung infee- 
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tion and traumatic abscesses do not come in the scope of this vol- 
ume. Among the paranasal sinuses, the frontal sinus is tlse most 
frequent source of infection; the otJiers are of minor importance 
except the ethmoid?, tlie infection of wliich occasionally causes 
necrosis of the roof and then, by infection by contiguit}', a brain 
abscess. Brain alwccsses caused by infections of the maxillary or 
splicnoid sinuses are extremely rare. With maxillary sinus infec- 
tion the orbit or pterygoid plexus may become involved and 
serve as a pathway for infection of the brain. Witli sphenoid in- 
fections'a brain abscess may originate from necrosis of the 
planum sphenoidale, infection of the h)'poph)’sis or cavernous 
thrombosis. 

The primary infection of tiie frontal sinuses may be either 
acute or chronic. The pathogenesis of frontal lobe abscesses is 
similar to that of temporal lobe abscesses originating in infections 
of the tympanic cavity. In the latter the tegmen t}7npanj .?er%'es as 
patliwa)',' in tlie former the posterior xvall or, in the presence of 
a deep orbital recess, tlie superior wall of the sinus may allow the 
infection to travel to the brain by contiguity or by continuity. In- 
fection by contiguity is more common, in both acute and chronic 
frontal sinusitis, occurring in about 57 per cent of cases. Infec- 
tion by contiguity is more frequent with chronic infections, and 
infection by continuity with acute sinusitis. Infection through the 
bone by contiguity in>’ariably causes distinct changes in the 
dura, including external pacliymeningilis, extradural abscess or 
adhesions between brain, dura and bone and, eventually, necrosis 
of the dura or brain-dura hstiila. Infection through the bone by 
continuity leaves the dura grossly norma) and bulged, although in 
some cases there is external pacliymcnlngitis or closed extradural 
abscess (p. 91), or even necrosis of the dura, altliough the bone 
fails to present gross changes. 

Occasionally frontal sinus infection is associated with an ab- 
scess of the contralateral frontal lolie. Tlie pathogenesis is not 
always clear. In some cases there is asxTnrnetrical extension of the 
frontal sinuses, one sinus being in contact with both frontal lobes 
(Fig. 24). Infection of the larger sinus may give rise to an abscess 
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of tlic cfjiitral.ntcral frontal lo1>o. In oilier cases frontal sinosltis 
causes estenia! pachymeningitis sshicli evtends over the j>o!cs of 
Ixith frontal loh<“s, and this, in turn, causes an abscess of the cvin- 
tralateral frontal lolx*. Or an inf(*ction of the frontal sinus on <Hie 
side mav estend to the op|>osilc sinus without causing conspicu- 
ous svmploms. and infection m the sectind sinus may cause a 
brain abscess, llie formation of brain aliswss in the contralateral 
frontal IoIk* must Ik* consklrresl even m c;iscs of traumatic brain 
abscess. 

A Ixiy, age<i 12. fell into a liiisli and puslud n twig into liis right 
iMwIril tiiimohately .ifter the there were fever, headaclie, pain 

in the nose uimI liemorTh-ige fmin the nove He wtis tn-alixl with anti- 
pyretics Wlim he was hcopitiliml tlirec wot'ks later thiTc svas evi- 
dence of cershral tnvuKnmnil nxamination revealtxl a piece of wtxxl 
rmhctldcsl in granuhitums in tlic nghi novlnl. TlitTe were |X)Sittve 
Baliinsli and Oppcnheini signs on the h’ft and facial p.ircsis ami hnni- 
paresis on the left Di.igiHtsis was fn>nl.il lobe ahscs*ss on the right 
Autopsy. Iwwx’Vcr. revealed a frontal IoIr* iihvn-ss on the lift side 
Microstxipie evaininatum ofTsfssI an espUiuhon of this finding' the 
wikkI had pierwl the up|MTinmt jv.in of the ii.isal srptnin. the lamina 
cribtosa on the left, and IukI s'anssti a ftnnt.vl lohe olivcess and severe 
ethmoid mfixrtion on the left ft is nolinvortliv tlut lhi7e was persislent 
titvdriasis on the left, the inijiortaiicx* of tins svinplnm was not pmperlv 
rvaht.'ilixl 

firam abscess sKvurs in. at inosi. 25 jmt wnt of cases of 
rhlnogenoiis ostroiiivehtis of the skull, acute ostwinuelitis vsitli 
protractesl course {p Od) U'liig the principal sourtT. Two differ- 
enl p.ithologic pnxvsses must Ik* c«iisidert*tl In the first, the In- 
fection of the frontal sums c-auM*» liolh brain abscess nml spreatl- 
Uvg cstewwveUUs, in tUe scsxrad. lUv siwusiUs c-avises. wskeswwveUtU 
vshlch, in turn, causes a brain al»s«*sv TIic fonner is more com- 
inon. In these instances the brain alwccss is a coinpliciition not 
of ovteomvelilis hut of the frontal sinus infiTlion and Is alwvivs 
found in the frontal IoIk*. Tlie following case proves the practical 
ini|yirtance of distinguishing the two lvjx*s. 

A Ixiy. ag«l 111. iKTome acvitelv ill with fever to Iftj F. u-verr 
frunt.d headache, swelling of the fight side of the forehead, rtlema of 
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the right eyelids, malaise, nausea and chills 14 days after swimming. 
About five weeks later there were com-ulsions, weakness, drowsiness 
and a large swelling over the right frontoparietal region. When I saw 
him for the first time, Oct. 2, 1943, there were edema of the right side 
of ll)C /orel)ead and a tumor the size of an egg in the right fronto- 
parietal region. The lateral portiotis of both lids on the right were 
edematous, red and slightly tender. Both pupils were narrow, on (lie 
left more than on the right, and there were bilateral papilledema of 
2 D. and facial paresis on the left. Cerebrospinal fluid was normal. 

On October 5, lioth frontal and ethmoid sinuses were operated on. 
The left frontal and ethmoid sinuses were normal. Tliere was a fistula 
in the anterior wall of the right frontal simis, and osteomyelitis ex- 
tended bcj'ond the boundaries of the sinus. A gutter was chiseled into 
(he hone from the lateral wall of the right orbit to the left part of the 
frontal squama above the left frontal sinus Tlie right side of the frontal 
squama, part of the right malar bone, the right supraorbital arch and 
the entire right frontal sinus were removed. The exposed dura was 
normal but definitely bulged. After the operation the patient con- 
tinued to wniplain of lieadacbe. Facial p.iresis increased and there 
was paresis of the left arm. On October 16, the osteomyelitic bone in 
(he right frontoparietal area was remoxed and a large area of external 
paciiymcningitis exposed. Again convalc.sc?nce w.is unsatisfactory. In 
the right frontoparietal region the brain, covered by inflamed dura, 
bulged through the skull defect and did not show pulsations. Papille- 
dema increased to 4 D., and a diagnosis of brain abscess or subdural 
mipj’ema in the inferior part of the right anterior central gynis u’as 
made. For this reason, on November 26, the dura in the right fronto- 
parietal region was incist'd and (he brain punctured witliout success. 
An enormous brain herniation (Fig. 74) devclopctl, but repeated 
punctures through the herniation did not reveal pus. Tlie patimt died 
January 11. Autopsy revealed a small abscess of the right frontal lobe 
alKint 4.5 cm. from the frontal pole. 

Tlicrc was app-ircntly a grax'c misinterpretation of the underlying 
patholog)’. Although tlie diagnosis of brain abscess ums made, it ss-as 
assutnetl tliat it liad originated in (lieosteomj'cltli.s of (he frontoparietal 
region, since there was severe pachx'meningitis and the clinical sjmp- 
toms indicated inxoKcmcnt of the motor area on the right side. Au- 
topsy, howcx'CT, rescaled the alwcess in the frontal lobe, probably 
originating in the frontal sinnsilis. although there was no external 
pachymeningitis behind the posterior wall of the frontal sinus. It c.m 
reasonably be assumed that the abscess would base been drained had 
the puiictiire lieen performed in the area of the right frontal sinus. 
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prr\ ioiisU mentioned, brain absces^ics catiscd by mleo- 
in\clitis of tlie sVnll are less common tlian llm^c cau^etl by frontal 
sinusitis. If spreadinj; wtcomxTlitis causes a brain abscess it nsn* 
ally first causers tbroinbopbicbitis of tbe superior longitudinal 
sinus or osteonnclitls of the temporal l>ono. Tlie infection of tbe 



Fic. M -FmnljJ fcilip iImctw. 'rllli ni{ttiirr Into aiitrrfc'f Uint of Utrral »rT)- 
trklp ll'} c. rand^lr nuilrm. it. Vnliform ixkIpim. r, «nlrrii>r part of internal 
ctprulr. I, piMtertiT pjU of Internal tap^ulr. g, prnterKf lirmi r'f lateral vrnftkle; 
h. «Xflplat Arron indii-atr* •»pmlnK e>f •Ixct'tt toward tlic fpmlal liinn 

stijterior longitudinal sinus or lcinjx>ral Imnc. in turn. gi\es rise 
to an aliseess in tbe parietal. iKTipilal or temporal lobe or cere- 
\k'Uwx\. Dvagtxosw of dxSttmfsopfxMxWs of ibe wjwtxot loTigUxulwaf 
sinus is discaisswl on page 23S. Ostesimxelitis of tbe lemjKtral 
Itoiie is ati Insidious iiifeclton ami dtKn imt luxtssarilv cause p.iin 
or distinct changes in tbe dnim nicmbnuic. Tlierefore, tborougb 
exanxinallon of tbe temporal Itoties sbinild Ik* undertaken in all 
cases of spreading rbinogenoiis osteonuelitis of the skull assix*!- 
alesl uilb abscess in tbe tem|xmi! lolw or cerelx'Diim. Ilarely. 
spreading osteomyelitis of the skull causes brain al>scr*s5 witbout 
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involving either the superior longitudinal sinus or the temporal 
bone. 

The shape and direction of extension are not as uniform with 
frontal lobe abscess as with temporal lobe abscess because the 
posterior wall of the frontal sinus, the principal port of entry to the 
frontal lohe, varies more in size than does the tegmen tympani, the 
principal port of entry to the temporal lobe. In frontal lol>e abscess 
the frontal sinus is usually meilium size or large. For this reason, the 
abscess may originate at various sites in the frontal lobe and may 
even form in the contralateral frontal lobe. However, in general, 
frontal lobe abscesses occupy tlic while matter of the superior and, 
eventually, the middle frontal gynw (Fig. 88). These areas are 
adjacent to tlie posterior w'all of the frontal sinus. The abscess 
may extend back toward the anterior portion of the internal cap- 
sule, while encephalitis may involve the posterior portion of tlie 
internal capsvile, which contains the supranuclear fibers of the 
facial nerve and muscles of the extremities. The abscess ap- 
proaches the anterior horn of Uie lateral ventricle (Fig. 88) from 
a forvi’ard, downward or lateral direction. If there is a brain-dura 
fistula, it is behind tlie posterior wall of the frontal sinus in ab- 
scesses originating in the frontal sinus; it is aboi'o the ethmoid 
roof in abscesses originating in the ethmoid, and it is in the 
planum sphenoidale in abscesses originating in the sphenoid. 
Frontal lobe abscesses apparently cause diverticula more often 
than do temporal lobe abscesses. Occasionally a diverticulum 
extends through the corpus callosum into tlic frontal lobe on the 
other side. Midtiple abscesses also arc apparentl}' more common 
in the frontal than in the temporal lobe. Tlierc may be one or 
even more abscesses in each frontal lobe. 

Syxn’TOXfATOIZXJY 

Among olorhinogenous abscesses tlie diagnosis of frontal lohe 
ahscesscs-is most dependent on spteinic and general brain s}Tnp- 
toins. Often there are no others. Hie nasal and focal brain symp- 
toms are sometimes helpful but have less clinical value than s)'s- 
teniic and general brain svTnptoms. 
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iVoJrt/ if/m;>(oms.— Froiit.il IoIk* absct’^^t's ocair \Wtlj aoito or 
chronic infections of ihc frontal sinus ami after operations on 
the frontal sinus. Frcrjiiently an injurs to the forehead is rejwrted 
in the Iiistnrs'. Statistics compiled from the literature and per- 
sonal espcrience indicate that chronic infections causeil G2 jkt 
cent of hrain ahsct*sscs and octilc and suliaciitc infections, OS 
per cent. Other rhinologists, however, have recorded conlrar}’ 
findings. 

In infections of the paranasal sinuses the diilerenlial di.igno- 
sis of acvitc infcTlinn and acute exacerhalion of clirnnlc Inhxlion 
cannot he as exact as in infections of the tympanic cavity, Ik.*- 
carisc the sinuses caunot he directly ins[W‘ctt*<l. Tlterefnre, the 
differential diagnosis must Im* Iwsed on the histnrv' and on tlie 
finding of pnlvjvs and hvpcrlrophv in the nasal eavitv in chronic 
cases. Tlie history is not always dependable, and polyps and 
hjpertrophy in.\\ not he present in eases of clirojuc infections. 
Oe.spitc the uncertainty of diagnosis, so many of llie cases In inv 
statistics point to an acute iiifsxiion .as the source of frontal lobe 
abscess tliat an erraiieous dl.»gnosl.s caunot possibly ho hiferretl 
in ail. Thus it appears tluat acute infections of the frontal sinus 
cause frontal IoIkj abscesses more often llian do chronic Itjfcx- 
lions, which is in definite contrast with tlie findings in temporal 
loin* aljscesscs. llie following reasoning mav cxpl,un the dilfer- 
ciice. 

Chronic sinusitis which is eventually a source of hrain ahsct'ss 
diffen in several wav-s from the chronic otitis apt to e:uise hrain 
abscess. (1) The chronic otitis usuallv involves the tympanic 
cxivity in c-arlv childhoosl .nud continues for several vears; chronic 
Infections of the frontal sinus Ijcgiu in a later period of life, be- 
cause in earl) chifdfiooif there are no frontal sinuses (2) llic 
chronic sinus infection is not often rclalct! In cxmtagitiiis disease's 
of childhoiKl, hut is due to amte infection following a coiiiinon 
cold or to re|H*atcd aaite infections which iM'came chronic 1 k'* 
cause of nhstniction to drainage, such as a septal devi.ition, 
rnncos.il hspertrophv or a ciirletl liirhinate. IJraIn abscess from 
chnmic otitis caused by an olutnictiun to drain.ige, such as 
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adenoids or livi^ertrophy of llie lymphatic tissue in the tube, is 
rare. (3) Tlie principal difference is cholesteatoma, which occurs 
frequently in the tympanic cavity and is extremely rare in tlie 
frontal sinus. Since cholesteatoma is the most common source of 
brain abscess, chronic infections of the frontal sinus necessarily 
cause brain abscesses less frequently than does chronic otitis. 
(4) An acute exacerbation of chronic otitis and one of chronic 
sinusitis must he evaluated differently. Chronic otitis causing 
bone absorption advances slowly toward the labyrinth or men- 
inges as long ns there is a discharge. Acute exacerbation indicates 
an acceleration of the advance whether or not pus is retained. 
Chronic sinus infections involving the underlying bone more 
often cause fonnation of new bone than absorption of bone. 
Therefore, an acute exacerbation does not necessarily accelerate 
advance of the infection toward Uie meninges, because ordi- 
narily there is no slow progress toward the meninges before the 
exacerbation. However, an acute exacerbation of chronic sinusitis 
often causes total occlusion of the sinus ostium and thus reten- 
tion of pus, which is increased by polyps in the sinus. This may 
lead to bone absorption and may eventually cause a brain abscess. 
In otlier words, in intracranial complications due to clironic 
sinusitis retention of pus is more often the causative factor than 
the acute e.xacerbation, wiicreas in similar complications due to 
clironio otitis the acute exacerbation is more often responsible 
than retention of pus. Tltis is not opposed to the finding of a 
patent nasofrontal duct with frontal lobe abscess, because reten- 
tion of pus is usually relieved by the lime tlie brain abscess de- 
velops. 

In acute cases the rhinologic examination reveals normal con- 
ditions, if the empyema is enclosed in the sinus, or pus in the 
anterior part of the middle meatus which rapidly reappears when 
it is wiped off. Tlie acute infection destined to cause a brain 
abscess is always severe, as suggested by the duration of the in- 
fection, orbital symptoms and bone involvement. The duration of 
acute sinusitis is uiiccrlain. However, acute sinusitis which is 
properly drained does not last more than four weeks, ^^^len 



^0^ nu\iN* Ansa'^s 

acute sinusitis atlsanc'cs tou-nnl llif mettinges and brain, tlic 
sMiiploms conlinttc loiigcr despite proper drainage. Tiu- dis- 
charge of pus is not necessarily contijuious; on tlie contrary, it 
inu\ slop in due course, but headache atid tcndcnics.s continue 
and surgers may show the siiuis filled witli poUi>oid tissue. Sincx’ 
tcrehra! sjiuptoms seldom apjXMf Iwjfore the fourth week tjf the 
sinus infection, it is actualK not the acute hut the suhacute 
sinusitis uhieh causes t)te hriiiii ahscx*ss. 

Orbital sunptoms consist of hd edema, p.irticid.irlv of the 
upper lid, «lema of the conjunctiva, evenlnally slight prolnision 
of the eseliall, displacement of llie cjehall, usiiallv dosMi and 
ontsvard, and (xosisionalh fnttda in the mesial angle of the upper 
c>chd These ssinplonis are nearh alwass noted’uHli a frnnl.d 
lolw a!»5Cx*ss caused li\ an acute sums infection. However, they 
may alreads ha\e suhsidtxl if the patrenl is seen first in a kite 
stage of the brain uhscvss. KrcHpieiitU the lid edema progresses to 
fl lid ahsci'ss and a simple incision of the lid is performed without 
entering llic sinus. This opcnilion Is useless, because ftnarkdilj 
a Hsluia forms uliicli doi^ not close in Ibe presencxi of a brain 
a1>sw*is. 

In cbronic sinus irifc'clions (he rliinologic examination does 
not res eal tharaefrnsficch.mgc-s. 7l»e findings are the same «s fn 
simple chrome siriusilK, i.e., pus and, eventimlly, poKps or hsper- 
tniphy of the tuthin.ites. Orbital symptoms oc-cur in alionl 50 per 
tx’iit of tbe eases 

ITontal lobe abscesses are rareU caused by operations on tlie 
paranasal smnses ludess mUxiinsclilis develops poslo|H'ralively. 

1 base the impression that atxile osteomselilis asswlated uitli a 
frontal lobe absevss diK-s not >hmv die imlimiled spreading clur- 
arterntreof a<nife«Htcx;;mehfJs sshieli is not associ.ited ssith brain 
al>stx*\s 

iVieo/ hwin sijmjJlnmt -Tnie ssaiiploms of tin* frontal IoIh^ are 
rands nnt«*d ssilb rliinogciious (rcmt.d IoIh* abstxsses. lliere are 
mental and psscliic changes, snih ns irritabihts, dross siness and 
abrupt ch.mgr”s from theiTfidiK-ss to mekinehoha, but thi'se are 
eaiisixl bs the intiaerania] i>'i KTU*nsion. OimpiiUise grasping 
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and groping are rare with frontal lobe abscesses. Spontaneous 
nystagmus and disturbances of body balance and of smell are 
noted occasionally. More common symptoms are (1 ) con^’ulsions, 
(2) pareses and (3) pupillary changes. 

Convulsions arc more frequent with frontal tlian witli tem- 
poral lobe abscesses. At the onset there is only a twitching of 
the facial muscles on the contralateral side. As the disease ad- 
vances the arm and, finally, the leg become involved, causing a 
t)'pjcal jacksonian attack. In advanced cases general epileptic 
convulsions may occur. With a frontal lobe abscess and acute 
osteomj'elitis, the patient frequently reports that there were 
convulsions at the onset. Tins is particularly likely if osteomyelitis 
sets in with fulminating symptoms, such as Ingli fever, chills and 
drowsiness. I have never obsen'ed convulsions at the onset of the 
infection and so cannot give an analysis of them. But certainly 
such “convulsions” do not necessarily indicate brain abscess. Usu- 
ally they occur only once or twice, then disappear, regardless of 
whether or not the infection is destined to cause a brain abscess. 
Conmlsions caused by the brain abscess, not by osteomyelitis, 
become manifest in a later phase of the infection. 

Witli the appearance of jacksonian attacks, paralyses arc 
noted. The muscles of the contralateral side of the face are the 
first to be involved. Since the facial paralysis is supranuclear in 
origin, only the mouth is involved, the branches for the palpebral 
fissure and forehead acting fairly normally. Facial paralysis is 
seldom marked. Often only tlie nasolabial fold becomes indis- 
tinct, and tlie angle of the mouth is lower, as noted particularly 
when the patient is quiet or asfeep. Tendon redexes on the con- 
tralateral side are exaggerated and pathologic refle.xes (p. 274) 
are present. Facial paralysis is soon followed by paralysis of the 
contralateral arm; finally, the leg may become paraij’zed, com- 
pleting the sjTidrome of hemiplegia. With frontal lobe abscesses 
liemiplegia usually develops in distinct phases, except for facial 
paresis which often passes unnoticed in the initial phase. Paraly- 
sis of arm and leg usually appears suddenly. If the patient re- 
covers, use of the e.xlremilics is often, but not always, restored. 
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1'iipill.iry c1i4iii’« ;irf‘ not fri*<|imitly rfpoi1e<l; npparcjitly 
l}ir\ oftfii iiniiotict'tl. Nc\crtlirl«i5, iiutlri.isis on liolli siilt-s 
nr oil tlio iino!\(xi sulo, fmpiciitly on the conlralntcral sidt*. 
anil readinn or futtl pupiU am ctimjwratiM'ly c-oinnmn. 

rnocNmis 

'riio mortality ratp of frontal IoIk* al>scrsses js !>ctwcrn 03 
ami TO jM’f cvnl. Of nine ca«.‘^ in jn\ ftperieiice. eiglit 
c-anst^tl l)\ licatl iiijiiri and one l»\ an infection of tlic frontal 
iiiius v^itli actilc ostconuclitiv Tne patients rccovcrrcl As was 
tlif case lor temporal IoIh* alncessi^s, tile’s** statistics picture the 
prognosis mulcr most nnfasoralile circmnslances. It is the associ- 
ated osteomsflitis wliith renders the prognosis serious and not. 
as 111 temjMiral Inhe ahstvsses. the assoeiattxf sinus throinlKJSis 
or paclnmoningitis. 


TIlFATMr.NT 

The op<'H inclliod is tin* prrK-eslnre of thoiec in frontal Inhe 
ahsccssi’s. The o[HTation on tlie frontal simis shnnid Ik* per- 
foriiietl according to the teclinic of Hhnlel. I.e.. the inferior and 
anterior walls should Im- remosesl If the sums is small, parts of 
the froiii.i] srpiama must also 1 h* reiiiovitl to gain access to tin* 
ahscs-ss. Tins ojK-ration leases a marletl defonnils of the face*, 
extvpt sshen the sinus is small, hut no other methcKl jx'nmts 
complete iiispetlion of the jwsterior sums wall, llie dura is then 
expositl In rernosal of the jnntenor wall If there is a deep orbital 
ri-eess. the rrxif of the recess, which is a eonlimiatiim of the pos- 
terior Slims wall, must also lie reinosesl After the operation on 
tlie frontal sinus is onnpleleil. the ojx’ti method can !«• applii**! 
w ilU the same technic as for leiiijKiral lolv aincx’sses ( Fig. 89 ) . 

Urain pnneture is perforinnl at u slistaiiee of 1 1.5 cm., and 
not higher than 2 cm., from the base of the frontal lolie. Tlie 
i*anmi1a is directed straight hath, or hath and Lileralward, to 
|X’nelrate the hrain for a thslaiiee o! t 5 cm If the pnnctiire is 
nude at a heiglit of more than 2 cm . the camiiih should not Iw 
pushed f.irther than 5 •] cm. 
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A special problem is offered in the treatment of a frontal 
lobe al)scess associated with acute osteomyelitis. Since osteomy- 
elitis frequently develops before the brain abscess, there is time 
to cure the osteomyelitis before manifestation of the brain al>- 
sccss. However, inefficient attempts to arrest the osteomyelitis 



Fig. 89.— Operation for frontal lobe abstess tlirougli llic infected field (open 
iiK-thwi). (ByL. Bcrgmann. ) 

may leave the surgeon with a brain abscess associated with active 
osteomj’clitis. In stich instances the procedure depends entirely 
on the clinical findings. If there are signs of impending menin- 
gitis or symptoms of marked intracranial hsTicrtension, the brain 
abscess must be drained and tbc operation for osteomyelitis post- 
poned. If there arc neitlier signs of meningitis nor ssinploms of 
intracranial hypertension, management of the osteomyelitis 
should be undertaken before drainage of the brain abscess is at- 
tempted, becavrse the diagnosis of a brain abscess frequently may 
be dcfiniloly established after the surgical procedure on the osteo- 
myelitic skull. 
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CnnnnrLLAii Aivscess 

PATIIOLOCY 

CcrcMIar alwccsscs orig»nale In Infcclions (1) of the pori- 
Iab\Tinrtunp cells, (2) of ll‘e labvTintlj nnd {31 of tlic lateral 
sinus. 

An infecUou in the mastoid antnim soinclirnes travels tlirovigji 
the mcsi.al wall to the part of the petrous Imne locjiled betutTu 
the dura of the p)sterinr cranial fossa and tlie semicircular canals. 
In temporal Imnos with rcslucctl piicHmati/.ation the petrotis lyoiie 
may contain marrow spaces; In well pneiimatl/c<l tcmjwral 
l>oncs it contains the pcricanalicidar cells (p. Ill) svhich drain 
into the antnim, petrosal angle and Tmntnjann's triangle. Art 
Infection extending from the antnim Into this part of the petrous 
l)one involves the pneumatic cells in cases of acute otitis and 
the marrow sp.tccs in cases of chronic otitis. An infection estah' 
lishesl in the postcruir part of the petrous hone may extend Into 
(1) tlie scniicircul.ir canals, (2) the snhareuatc fossa and (3) the 
posterior cranial fossa. Infection extending close to the seinicircn* 
lar canals leads to serous l.d>\Tinthitis. If it invadw tlie scmlclr* 
cular canals there is usually l(Kxilirc<l lahjTintldtis, i.e., lalivrin* 
thilis involving onl) the area of the semicircular canals, not the 
cocliltM. Rarely, diffuse pundnil labyrinthitis results. Kxtensioii 
into the sulKircualc fossa Is also rare. It occurs principally uitli 
chronic and occxisioiiallv with subacute otitis. Along the comiix*- 
tis<* tissue ,xnd bloix! \t*$scls of the siih.irctiafe fossa the infection 
travels toward the dura of the posterior cTanlal fossa and. esentu- 
ally, into the ccrclK*lliim. Altlioiigli these two patluv.ays are not 
voswwossW extvss'tw vA llw* is\(es:Uon tbs* sUsta 

of the jKtslerior fmsa Is comparatlscly frequent. In such in- 
stances the infection al>sor!»$ flic l>onc and hy contiguity causes 
dccpextcnial pachuneningitisora deep extradural abscess of the 
posterior fossa (p. 90). Tlie alncess is msariably of the closetl ts'jx* 
(p. 95) and often a foreninner of ccrclK'lIar absex'ss. Obviously 
the infection in the |Hjslerlor part of the j>ctrous Ixine may extend 
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simultaneously in different directiom, for example, into the semi- 
circular canals, causing localized labyrinthitis, and into the 
posterior fossa, causing cerebellar abscess. 

The second source of cerebellar abscess Is purulent laby- 
rinthitis. About 7 per cent of cases of labjirintbitis are compli- 
cated by cerebellar abscess. Diffuse purulent and latent laby- 
rinthitis are the principal offenders. In these types the infection 
travels either along the vestibular aqueduct, causing saccus 
empyema (p. 130) and then cerebellar absce.ss, or along the 
internal auditory meatus. In other cases the piinilent exudate in 
the inner car absorbs the bony capsule, tben the petrous boue, 
and invades the posterior fossa. The infection often travels along 
two or three pathways simuUancojisly. Altbongli the labyrintli 
serves comparatively often as a source of cerebellar abscess, in- 
fection of tlic petrous l)one without invobeinent of tlie inner car 
is no loss important. 

Thromljophlcbitis of tlie lateral sinus as source of cerel>cllnj 
abscess is discussed on page 156. Tlic infection seldom travels 
directly tliroirgh tlic cerebral xval! of the sinus into the .adjacent 
cerebellum. If it docs, a cortical abscess of tlie eerebellirm re- 
sults. A subcortical cerclicllar abscess is usually dtte to internal 
pachymeningitis of the posterior cranial fossa caused by throm- 
hophlebitis of the lateral sinus. In one of my cases thromboplilc- 
hilis of the superior petrosal sinus cause<l a cerebellar abscess; 
tlie petrosal sinus infection was caused by a cholesteatoma of the 
tympanic cavity. 

Cerebellar abscesses present warioits shapes. The abscess 
often forms a clefth'kc cavity between the cerebellar cortex ajul 
the white matter (Fig. 90) and is almost invariabl) located 
beneath tlic superior surface of the cerebellum immediateb 
below tlie tentorium cercbelli. Tlic cleftlikc cavity may extend 
from the anterior edge of the cerebellum to the posterior edge 
and from one cerebellar hemisphere to tlic other. The abscess 
docs not extend deep into the white matter and never in- 
volves the dentate nucleus. The infection may extend toward 
the ccrehellar cortex, creating div*;rticula of the abscess which 
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nu\ stintilale itJiiUipIe ahwcsses. However, multiple ahveesves 
arc not common in the cercl>r11iim. Tl»e eleftlike tvjH* of ccrebcl* 
l:ir abscess, uhicb rarely forms a capsule, for convenience may Ik? 
called a "ilar cerebellar abscess (Fig. 00). 

A scctuul l\p<* of cerelwllar abscess involves the white matter 
lateral to the dentate nucleus. Tlie abscess forms an oral nr 
spljcrical cavity (Fig. 01) which may reach considerable size 
vvitbiii llie white matter of one cerel»cll.ir hemisphere exchisively. 
llie tlenlate mieleus is usually involvctl, and a capsule is often 
nolwl. Like flat abscessv*s, these so-called .spherical abscesses also 
tend to fonn diverticula suggesting multiple abscesses. 

brain and bmin-<luni fistiikis (p. 311) are less common with 
cerclK'Ilar than with tvrcbral abscesses because of the briefer 
duration of cerel»clUr abscesses If a fislul.i does fonn it is local- 
izctl either on the superior siirfatr or on the anterior edge of the 
n?rclK’llum. If the fistula opens at the superior surfarc pus mav 
accumulate between the cereWlhuu and the tentorium. 

Ill one case of (Ins t)pe I oluersevl on rsteiuion of the infvctlon 
along the blood x-ssrts of the tentormin. Tills causnl a sicond nceti- 
mutation of pus .iIkivc (he Icntorliim. Tlie infection csteiuhsl hclvswi 
the Isso osx'ipitat lobrt of the cerebral linnisphtTes. invnhrtl the 
cjlcaTitJO fmiire and c-.msevl dehets of the vlsu.al fields. 

U the flvtuLa ojkmis on the anterior etlge of the crrelielhnn the In- 
fection iisiuiny esti'uds into the latiTul pontile cistern (p. 3vS) 
am! causes meningitis Huptures of the abscess Into the fourth 
ventricle arc not common. 

»> MI'IO'tATOl.OfW 

r.ar Like !eiii|>oral Join* nbset*sses, cerebell.ir al>- 

sce.sses are causeil bs acute and eliromc otitis and b\ infectious 
following m.istoid surgery. Chronic otitis is generally consideri*<l 
the pritjcip.d source However, among 12 person.d casw. six were 
due fo acute otitis and six to chronic otitis. In one ease of the 
secinid group there was a cortical alrscess Tlieso statistics imli- 
fection usually cstends into the kitenil pontile cistern (p. 31) 



Fig. 91.— SplierJcal Diie of dirunic c(‘nf>ellar abscess (A). D, dentate nntleus; 
/!', ftrtirtft ventricles P, pnni. Note inf|»ss3t«l piM on the abscess walls and en- 
largentent of cerebellar Ivemtspbere on the involved side. 
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cate llin{ llic prcjMiiulcrann* of chronic otitis Is imt as great as 
some surgi‘t)i»s claim, 

’IIjc ssiiiplotiLS of ccrrfjcllar abscess tisjiafly apptnir in the 
iulKiciitc phase of otitis iii(‘(!u Pucmiiocwcns l\pf III itiftx'tions 
arc of great importance. Tlie otosctipic findings arc the saine as 
in Icnipora! !()!>•• alnccss. and. as in the latter, t!»e }>erforal}on o( 
the drum membrane Is often closed b\ the time the abscess is 
diagnosed. 

In oiM' of inv eases the drum ineiiihraiie seas sellovs and there ssas 
no psTforation. ulditnigh at oix'ralinn iKTiplilehtlis of tlie latiTa! sinus, 
hiilbos thrumlKms, esternal paths tm'niiigilis of die iiiuUhe crania) 
fossa ami a cereln'lLir ahstess ssere distnsent! rriitllaeiuler’s hacilli 
sv(7e fuiiiid in the ct reljn>spiii.tl Itiiid and the pus of tin* nuslnid 
prwss. In the tvreheilar abscess, sshieh pnseiilrtl ft capsule, gram- 
iiegatise hutflli ssilli a nmcsnis capsule, prohahly rrimllaender’s 
lucdh. ssrre found. 

I''scs'ption.ilIy. a cerelH-'Ilar abserss forms earls in the cottrse 
of acute otitis. 

A nmn, agisl •iS. h.ul tiif)(iin7.i Pour dass l.ittT tliere was nente 
otitis on the right doe to StrqiltKtKxnis iia<tnoI)tinis. associated with 
hlistm in the extenul catul and facul p.ifjlssis. Tliree wirl* later a 
simple mastoid ojKTation ssmj pcrfonn«*d Tsseiity-foiir days iifltT ons*-t 
of llic acute otitis, the symptoms of a cnrlnlbr aliscess npjnuritl. 
and ut o]K-ratton a litaiiwlora fistula ss.ts discoseresl In die ixislerior 
cratii.il fossa. Tliirty -nine dass niter unset of the anile otitis the p.itieiil 
<!i<\l. At autopsy n splKTtcal abscess ssas sUscnsereil in die right ter«“- 
bfllar liemisplKTi* die duration of sslucb ssms a little more than H 
<!.sss. Mictoscopic I'sjuun.ilioii of the (efn{K>raI bones sms not made 

In chronic otitis, chnlrstc;tt(iin.i of the tynip.inic ensity is the 
principal source of cfrcMhr aimf%u'S TJtc neute ex.ieerlwlfon 
Ims the same inutorlantv as in nieningitis and temporal lobe ab- 
scess. lufectiotis foUoss'ing nmloul surgery base erpial imjyir- 
taiu'c In the pathngenesis of ImsUi ctTclndlar and lempornl 1 o!h' 
alrttt-sses. 

In one of my c;»s«-s tssu operations <wi the inasluid were jHffonnftl 
by aivodiri otologist. Tlie type sif opiiatwsn ss.is not t s.iet!y sb\cn\et«l 
Hie mull of tlii'se ojsrratlons ss^s liKsnitplite atresia of tlie esfern-il 
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auditory canal and progressive osteitis of the walls of the mastoid 
antrum. Two months after the last mastoid operation the patient died 
of a cerebellar abscess caused by deep external pachjTneningitis of 
the posterior cranial fossa. 

Tlic ear changes with cerebellar abscesses arc frequently 
associated with involvement of the labjrinth, facial nerve and 
lateral sinus, singly or together. In the past, infections of the 
labyrinth were considered the principal source of cerebellar 
abscess. Tliis is no longer true, for, owing to the reduced incidence 
of purulent lab)Tinthitis, infections of the petrous bone appar- 
ently cause cerebellar abscess as frequently as do infections of 
the labyrinth. Not every type of labyrinthitis tljrcatens tlie cere- 
bellum. Diffuse purulent labjTinthitis caused by cholesteatoma 
of the tympanic cavity is the principal offender. Diffuse laby- 
rinthitis catised by acute otitis threatens the leplomeninges more 
than the cerebellum. Two types of diffuse labjTintliitis may be 
caused by chronic otitis media: a manifest type, associated with 
intense vertigo and nausea, spontaneous nystagmus, disturbance 
of equilibrium, deafness and none.xcilabilit)' of tlie labjTinth, and 
a latent ts’pe, associated with slight dizziness, first degree 
nystagmus to either side or to the contralateral side only, deaf- 
ness and nonexcitability of labyrinth. The latter causes cerebellar 
abscesses more frequently than docs tlie former. 

Facial paralysis is common with cerebcHar abscess. Among 12 
personal cases, facial paralysis was noted in eight— five cases of 
acute otitis and three of cholesteatoma. The pathology of facial 
paralysis is apparently not unique in these cases and depends on 
the time of its appearance. If the paralysis develops before or 
with the syniploms of brain abscess, it mas- be caused b)- the 
infection of the rimpanic cavity. If it appears in the late pliase 
of cerebellar abscess, it is caused by an infection of the pontile 
cisteni. In these instances there may also be trigeminal involve- 
ment, resulting in facial neuralgia or corneal hj'pestlicsia on the 
ipsilateral side, Tlie cisternal infection itself may be caused by a 
brain fistula through which pus escapes from the cerebellar 
abscess to the cistern or by external paclumneningitis which ex- 
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lends lo tlie cUlern. Tliercforc. fadal paralysis in the late phase 
of eerel)cllar ahscc'ss is an unfas-oraWe sjaiiptoni indicating the 
initial stage of teniiinal meningitis. Tlie paralysis is at\va\s ix^- 
ripher.il In origin; l.e., all three branches on the side of the ear 
infection are iinoKed. 

In cerel>cllar ahsiYSS cansed by sinus thrombosis tlie s)nip- 
loins of sums inflection obscure tliose of the abscess. Nevertheless. 
e\en in these instances dmgnnsis of the al«cess is often possihle 
Ix^utse of sMiipiorns which ciUiiiut lie atlrdnited to the sinus 
thrombosis, iiiehulhig drowsiness, constant snmiting. rapid pros- 
tration .and cerc!K*llar sMiiptonis. llic asstxdatlon of sinus tliioni- 
Ikjsis and ccreliellar abscess dot's not niss'ays impK that one is the 
result of the other. FrctptenlU progressite osteitis of the petrous 
l)one cansts, in succession, sinits tlirondiosis. IiKidi/etl or {liffiise 
lahyrinthitis, cxtr-adural abscess and melK'lIar abscess 

Focal liraiti s-ynip/oms.— As in temporal lobe .abscess, n dislinc* 
tint) should l>c made lietsveen lociil and reinute ssmploins. al- 
though this is someuliat arbilrars' as far as sevend remote s\nip- 
turns are exmeemed. 

The principal locsd symptom is ataxia, which indicates a dis- 
turbance of muscle co-ordiiutiun. The patient is askix) to close his 
cscs and place his index linger on the lip of his nose, to touch 
with the index finger of one hainl the index finger of the other 
hand or to toiicli his knee with the other heel With cerelxdlar 
ahscs-ss none of these inovcmeiits are projH'rb jK-rfonned on tin* 
inxohed sidi*. IJ.i!imski slesignalixl a jvarticailir txpi* of cerehellar 
ataxi.i aKtjnrrpr ccrclivllrusc. mt'aning disturhanee of the ss'U- 
ergislic .atlion of different groups of muscles in the performance 
of t'oniplex nioscfnciits. For exaniph*. if the patient raises the 
leg to step forxs-anl he din’s not moxe the ImkIs forrespondiiigh 
forssiird. Or. if the p.ili<m{ In’iids luckward he dfK’s not flex his 
knei’s nornulls, but keeps the legs cxteudetl. Or. If the patii-nt 
is rtxTjmlH'iil and \shhes lo sit up he raises his legs hut not his 
Uxly. Odter cereln’llir symptoms are; udla«Iokokinc*sis. or llie 
inahihts to jx-rfonii txintradicturx mosrinenlf in a rapid sucei's- 
slon. such as jironation and supination tif the hand, brads phasi.i. 
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or slow and slightly slurred speech, and tremor of the foot and 
hypotonia on the involved side. 

Of particular importance are disturbances of equilibrium and 
errors in the pointing test, because they may occur with infections 
of botli the cercljellum and tljc labyrinth. Tlie equilibrium is 
examined in Homberg’s positions (Fig. 92). The patient stands 
erect, with feet together and arms hanging naturally. Romberg’s 
position should not be confused with Romberg’s sign, which is 



Ftc. M.— llomlxTg'r poiJtwn (/r/r) and pfHUton (right). 


particularly suggestive of tabes dorsalis and in which there is un- 
steadiness when standing \nth eyes closed hut none with the eyes 
open. With cerebellar abscess tliere may he \instcadiness when 
the eyes arc open as well as when they are closed. The patient 
falls cither backward or toward the involved side, without refer- 
ence to the direction of nystagmus and position of the head, 
whereas tl)e p.atjcnt with an infection of the labyrintli falls in the 
direction of the .slow component of nystagmus and the direction 
of falling changes with change of position of the lieod. If with 
cerebellar abscess spontaneous disturbances of equilibrium arc 
not marked, tlicy can be increased by reducing tljc base. Tliis is 
done by placing the heel of one fool in front of tlie toes of the 
olljcr foot or b}' placing tlie heel of one foofnext to the great toe 
of the other foot (Fig. 92). With marked disturbance falling is 
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npp.irent even wlicn tlie |MtJcnl stands with tl»c feet well aparL 

'flic iK)intIni» tt^st \ ieldi useful mformation wljcu projxrlv per- 
formctl. Tljcrc arc two tccimics. In neither should the patient escr* 
che anv optic control over his action; tus c) cs should In? clost“d be- 
fore he undertakes the test. In the first procedure lie siinplv 
stretclics his am>s. With cercl>ellar alwcess the ann on the Irwolvesl 
side fretjuentU deviates outward, whereas with I.ilnrinthiuc dis- 
ease l>oth amis usuallydesiateinonedircction. In the second pro- 
CTKlurc the patient sits in a chair, with his hands on his knees 
and the head in nomial position. He is told to stretch the index 
fingers of Iwth hands and to raise one arm alx)ul 1 M. When the 
arm is raised the examiner touclK>s the patient’s finger, regard- 
less of whether or not the patient has dexialed. This prevents 
the patient’s making a t'orrectioii during the test. If the patient 
docs not make contact with the examiner’s finger he realises that 
he did not raise liis ami correctly and ulleinpts to correct an 
eventual deviation. A normal jmtsoii will follow a perpcndletiUr 
line on raising his arm, whereas a patient with cerebellar abscess 
fTcspicnlly deviates. In some instances only the arm on tlic lu* 
voUed .side deviates outward, ami in others hoth arms deviate 
to the involvcxl or contralateral side. Apparently the presence of 
the |H*nnam'nl deviation has cliiiic-al signlfirauee; the direction 
of deviation and involvement of one or both anus do not allow 
tiefinite conclusions. Tlie two technics do not always yield identi- 
cal r<*snlts, so Imth must he applicsl. 

CerclR-IIar g.iit, vvlilch is common with tx'rehellar tumors mid 
rare with cereln'llar ahsccss. is cJiaracterirctl by u profound dis- 
turlunce of the gait mechanivm. Occjivionally a 5 t.aggcring gait is 
noticed; this is not necessarily caused by the ccreliellar lesion per 
s<\ hut may Ik; due to vertigo and cmaciatioiu CouvuIsIqus some- 
times occur. They wnsisl priiicijully of tonic contraction of the 
muscles of the extremities ami opisthotonos. *1110 following inci- 
dent is typical. 

At 5.00 A.M. a p4U(*nt with a cmWlbr abwxnt on the h-ft side 
joddndy screainrsl ami tnnitx! rapidly to the right jlile, wIutp he r«^ 
mjinnl motionlw for M-veral seconds At 7:00 o’elmt he Bg.v{ii 
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screamed and twisted his body so that his hips lay flat on the bed 
^vJjIle the upper lialf of the body was twisted to the right with face 
down, llis arms were flexed and rigid. The legs were extended and 
the feet flexed. There was no muscular tuitching, just rigidity. Tlie 
fit continued for about 30 seconds and W'as followed by stupor. At 
8;00 o’clock the stupor continued but he answered questions and there 
was a coarse tremor of the left foot. The patient was immetliately 
operated on and a cerebellar abscess on the left side was successfully 
drained. 

These cerebellar s)Tnploms may be striking or absent. With- 
out venturing a definite statement, I believe that the s)'mploms 
arc more conspicuous wth the spherical than xvith the fiat 1)^)6 ot 
cerebellar abscess. Some surgeons claim that they arc more 
marked with a cerebellar abscess caused by acute otitis (except 
those associated with sinus thrombosis) than witli those caused 
by chronic otitis. 

Among remote symptoms, nystagmus is of utmost importance, 
altlmugh in some cases nystagmus is not obser\’ed over a long 
perlorl of observation. In the e.xamination for spontaneous nystag- 
mus the patient bond.? his head 30 degrees back, the upper eye- 
lid is gently raised to permit observ’ation of conjunctival blood 
vessels, and the patient looks at the examiner’s finger held about 
1 M. from tlie patient’s eyes. Tlic eyes should not be allowed to 
remain in the same position for more than one minute, because 
a slight ny.stagmus is readily suppressed by prolonged and x'olun- 
tar)' fixation. Nystagmus is not a genuine cerebellar S)Tnptom; it 
is caused by pressure of the cerebellar abscess on the vestibular 
nuclei in the medulla oblongata. For this reason, it is occasionally 
absent with cerebellar abscess; furthermore, it may change in the 
same patient at different times. The term "cerebellar nystagmus” 
sliould be replaced by the term “nj'stagmus in cerebellar abscess,” 
since nystagmus is not a cerebellar but a Iab)Tinthine symptom. 

The nystagmus wtb cerebellar abscess is rhythmic, consisting 
of a rapid and a slow movement of the eyes. The direction of 
nystagmus is recorded according to the rapid movement, altliougb 
it is the slow movement which is controlled by the labyrinth. This 
apparently irrational nomenclature is practical, because the rapid 
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iiio\fnic‘iJt (lilFcrs tlislinctU from \oIiititan’ txnil.ir nic)\nncnt^, 
which an* iu*mt jerking, while the shm* movement re^einhles the 
\oliintan’ ocular nioNcmriils. For thK reason, tlie rapid move- 
ment is mure conspicuous and more casilv notetl than tlie slow 
mavcnicnt l-nh\r{nthinc instagimts ma\ present dilTcrent de- 
griTS of jntensits. For example, nystagmus of first degree to 
the left is noticcahle oiiU when the patient nunes his exes 
to the left; nsstagmiis of second degree to the left is appar- 
ent when the patient looks to the left and straight ahead, iivslag- 
mus of third degree to ihc left is seen when he looks to the left, 
stniiglit ahead or to the right. To e\ahi:it<’ spontancems n_x stagmns 
it is neccss,ary to riistingiush ccrclrellar ahscesses which are and 
are not associated wttli infection of the lahvrinth. Without 1ah\- 
rinthine iinolvenient the nxstagimts is more often coarse than 
fine and more often hori/ont.d th.in rotators . and it is nsiianx slow. 
It cxin Ite noted when the patient l<H>ks to tlie iiivoUcx! side onl) 
or sshen lie looks to either side Vertical nvstagmns upward Is not 
common. Suddi-n changes of direction of the ns stagmns which 
iKX’nr over a few lioiirs xsnlhont app.irenl cause are slgnifieniit 
Oc-casion.dl) a change is t-aiised hy a shift of position or In a 
p.irtlcii]ar position of head, or In the insertion of a tampon tightiv 
Into the retroauricidar wound in the presence of exjxised dura 
There is .ilwaxs laInTinihiiu* serllgo, hut it ma\ he slight while 
there is a distiiui uvstagiims 

If iTrelx'Ilar aintx'ss isc’aiis<>d In diffuse piiruleiil l.dnrinlliitis. 
say. on the right side, the* lalnrintliitis cimsi's a horizontal and 
rotatcin instnginns of first to third degree to the left. Nsstagmiis 
ctunixl cxchisiseh In kilnTinlhilts gnuhiallx dis.ippe-ars in about 
two wee-ks. h-asing iK-hind a noriexcilahh* kdnrinlli. If marked 
instagnitis cxjiitiniu's longiT nr sliifts to the side of the non- 
cxeitahle l.ilnTinlh, a ti-ntalnc diagnosis of irre-lH-*ll.ir ahstx*ss mn 
Ir’ m.ide Tills is Neumann's sign It dex's not justify a definite 
diagnosis of ccrrlR.*ll.ir alwcfss lK*c*ause it m.n oecair with an 
extradural ahsce'ss in the |Nnt(*rior cnmial foss;i, serous inetiin- 
gitis and interc-xeTreut erssipeUs. and nec-asmnalls esen a tern* 
jHiral Inly* alneess 
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Not infrequently a forced position of the head and ocular 
deviation arc noted. The ocular deviation is usually to the con- 
tralateral side and may or may not be associated with paresis of 
conjugate movement of the eyes to the involved side. In one of 
my cases the eyes deviated dovvnw'ard. Forced position of the 
head is not alike in all cases. Usually the head is turned toward 
the contralateral shoulder, or the chin is dropped toward the 
contralateral clavicle. Tlie head is rarely turned toward the in- 
volved side. There may or may not be associated rigidity of the 
neck. Forced position of the head also occurs with deep ex- 
tradural abscesses of tlie posterior cranial fossa (p. 101) and 
basilar meningitis, and I observed it in one case of punilent 
encephalitis of the temporal lobe. Abducens paresis, mydriasis 
and diminvition of the corneal reflex on the involved side occur 
occasionally. Trigeminal neuralgia and trismus arc rare. Tendon 
reflexes are frequently normal, although tliey arc sometimes 
definitely diminished on one or both sides or arc exaggerated 
and associated witli a positive Babinski sign and diminution of 
abdominal reflexes. 


rnocNOSis 

The prognosis for cerebellar abscesses is less favorable than 
that for cerebral abscesses. Some clinics admit to a mortality rate 
of about 100 per cent. Among 13 personal cases the mortality 
rate was 85 per cent. Tlicre arc four principal causes of this high 
mortality rate. ( 1 ) Chronic abscesses are less frcrjoenl in the cere- 
bellum than in the cerebrum. (2) Cerebellar abscesses arc com- 
monh’ associated w;itJj other serious infections, such as sijuis 
thrombosis, progressive osteitis of the petrous bone, labyrinthitis 
and deep extradural abscess of the posterior cranial fossa. (3) 
Cerebellar abscesses arc more likely to cause .sudden respiratory 
paralysis than are cerebral abscesses. (4) Although cerebellar 
abscesses rarely ntplure into the ventricles, meningitis from 
cisternal infection or tlje associated infections of the sinus, dura, 
hibvTinlh and/or the petrous lK)nc is common. Obviously the 
prognosis is more favorable when these complicating factors arc 
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alncnt. Tlififforc. recovrn- from cvrcMlir al>ia*sscs wljich laic 
a cJiroiiic cotin-c or follow tlic curt* of octjle olilis anti in.'Lstni(liti< 
is not nnc-oinmoii, particularly in cliiklrcn. 

Tm_\TMr:vr 

It sctnns to Ik* the consensus that in cerebellar abscesses the 
o{H*n method porfonnetl ihrongli an iiifcctetl field Is not feasible. 
l>re:niso there is itiMilficieiit sp.ice unless the latend siints is 
seseretl and or the senncirctilar canals are rernovctl. This, how- 
e\er, tna\ Ik* dotie onb when the lateral sinus and or the semi- 
ciradar canals are Infected lR*f«re the operation. The open 
method is crjuallv nnsiiceessful when performed through a sterile 
fieJjl. Tlic flat tyi>e of absct*ss e.spcci.a)Jy cannot he pro|>erb 
draioetl by the oi>cn method Therefore the procwliirc of choice 
Is the closotl inelliod 

If the lateral sinus is normal, the laln-rintli active and the ab- 
scess IS ctiusetl h\ osteitis of the |H‘lroiis hone near tlie mastoid 
anlnini, the dura in Tnmtmann*s Iriangh*. i e., mesial to tlie lateral 
sinus, must he esposod. negardless of whether the dura is noniial 
or not, a niek incision is made and a cannula introdnml ( Fig 
03) Tlie c;iiitudj should l>c sllghlb cim-ed hie the trocar usi'd 
to puncture the rnasiHars' simis. T7ic c-inniila is pushed h.iel 
toward the |KJStcri<ir <*dgc of llic cereliclhim and sfimillaiieousK 
up toward the tentorium and somewhat mesi.ilward toward the 
clenlale niideus If no pus is di'cosTntl and puncture Is ropeal(‘d. 
the direction of puncture should not be changed exerpt to 
direct tlie c-aniiul.'i soinesshal lalcralward instead of mesialward. 
runcturcs lateriil to the sinus should he perfonnetl only when 
Trautinann's triangle is scry small lircause of marled hiilgiiig of 
the lateral simw and jugular Imlh or when the dura m the triangle 
is emeriti hs a granulation laser so thick that it is not possible 
to identifs tin- lateral sinus. Olherwisr such puncture is not advis- 
able lK*cansc it strikes the abscess at a greater depth than punc- 
ture mesial to the sinus. ji often p.isses below the ahswss and it 
di>es not follovs- the route In which the irifeclion entered the 
txTfWlmu. A difficult prolilcm arisi-s when an infection of the 
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petrous bone has caused a cerebellar abscess and deep extra- 
dural abscess of the posterior crania! fossa but has not involved 
the labj^rinth. The labjainth often must be sacrificed (p. 109). 

^Vllen a cerebellar abscess is associated with sinus tlirombosis, 
the sinus and then the jugular vein must be operated on first, 
unless the abscess requires emergency management. Since the 



Fic. 93.— Operation for cerebellar absceu Uirougb the infected field (closed 
method). (Dy L. Bergmann.) 


infection rarely enters the cerebellum through the mesial situis 
>vaJf (p. 409) and since a brainnhira fistula rarely opens into the 
sinus, the site of cerebellar puncture is tlie same as in cases with- 
out lateral sinus involvement. Ligation and severing of the sinus 
are not practical, because they may cause a rapid increase of 
brain pressure if llic sinus is not involved and spread of the infec- 
tion if the sinus is involved. 

When the cerebellar abscess is associated with diffuse puru- 
lent lab)Tinthitis, the labyrinth operation (p. 109) must be per- 
formed before drainage of the abscess. 
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CHAPTER SIX 


Encephalitis 


Encepiialitis is an inflammation of tlie brain which may spread 
over wide areas without producing localized abscesses. 

A distinction is usually made between pimilent and nonpuni- 
lent encephalitis, allhougli from tlic standpoint of etiology and 
pathology this distinction is not Invariably practical. In fact, cer- 
tain micro-organisms, for example, those causing influenza and 
typhoid fever, may cause either iionpunilcnt or piirulent encepha- 
litis. Observations in experimental infections of the brain also do 
not justify a sharp distinction between punilent and nonpunilent 
encephalitis. On the other Jiand, certain types of encephalitis, in- 
cluding epidemic encephalitis, polioencephalitis haemorrhagica 
superior and the bulbar tj-pc of poliomyelitis, ins'ariably fail to 
cause the production of even a microscopic amount of purulent 
exudate. 

Many neuropathologists do not distinguish between acute 
brain abscess and punilent cncepbalilis. Tlicy use the term “en- 
cephalitis” only for the nonpunilent type, and use the terms 
“punilent encepiialitis” and “brain abscess” promiscuously. To 
tlie otolarjTigologist, brain abscess means a gross acaimulation of 
pus w'hich requires surgerj', whereas purulent encephalitis implies 
purulent or hcmorrhagic-pumlcut c-xudutc with only microscopic 
extension. Even though It advances to fonnation of one or several 
small abscesses, the encephalitis remains the primaiy- lesion. In 
those cases surgeiy on the brain is useless. Microscopically, puru- 
lent encephalitis causes dilatation of the blood vessels, which 
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nuy or may uol Ik‘ thrnml>os«l am! «liicl> sliow conspiciiotis 
pfri\:a$ciiLir iiifillralion. Tljcalleration in hlocxl circtilalioii cai«cs 
\iemonlia«;cs ami necrosis Tlie necrotic areas me often invatknl 
by leulocstt's and bacteria, forming small abscesses. TIicm* 
ciianges, stiggestise of bcmorrliagic-pimilenl cncfpbalitis, extend 
gniduallv into an area of aentc nonpiinilent eneepbalilis wbich 
exists alongside tlie piimlent eneepbalilis In llie latter area are 
mnxly fonned capili.iries, inanv of tbein surrotindi'd liy pKisnu 
ct'lls, bill ibere is no fonnalion of piinilenl foci or bemorrbages. 
Tliese olwerx'alions indicate tlial the difTerenee betueen pnnilent 
and iionpiimlent encephalitis is one of iiitensitv onl). 

Granting that all types of brain infections originate from 
locxdized nonpumlent enceplialitis fp. CiT}, tbe original focus 
may give nse to tbe follovsing t)i>cs of inflajmn.iliotj of tbe brain: 
(1) nonpimilent cncx'pbabtis wbicb inav undergo sporilaneonx 
cure uitbout iKXxiining punilenl, (2) nonpumlent cncxipbalilLs 
uhleh iK'comes puntlont and max adxuncc fiirtber to (a) en* 
cepbabtis pblegtnonosa (p •t2o). (b) acute brain abscess {p. 
3-lS). Of (c) chronic bram alixcs*ss (p. 21S). 

From ibe standpoint of patbologx. tbe ibrcc tyjxes of pumletil 
inflammation diifer only in rale and extension of spread, intensity 
of breakdoxxn of tbe tissue and reaction of surrounding tissue. 
7lie rate and extent of spread are maximal in plilegmorioiis en- 
c'cpballtis, Imt of minor imporlaiice in chronic bram absc'css. On 
the Ollier band, breakdoxni of tissue is a minor finding in plilrg* 
nionous encx'pbalitis, but is tbe most conspicuous feature in 
cbronic brain abscess. In pbirgnionoiis enceplialitis llic surround- 
ing tissue siniplx Ix-eomes nitrotlc xxUbout showing a definite 
reaction to the infi'ction, xsfiertnis in efironic firain abscess tbe 
siirroumling tissue fonns a ca|MuIc to arrest the adx-aiicliig infec- 
tion. Acute bram abscess pri'srntx jonie featiiri*s of liotb plileg- 
nionuits enceplialitis and clirunte brain abscess. It does nut spread 
as rapidiv and ns rxtensixclx os pbb‘gmonuiis enivpfiab'tis and 
tbe brealdoxMi of tissue is more striking, but the reattiou of tbe 
surrounding tissue is not as xignrutisax llial obserxed vvitb cbronic 
alls cess 
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Otogenous Encephalitis 

rATHOLOCY 

The term "otogenoiis encephalitis" is applied to infections of 
tlie brain, both purulent and nonpurulent, believed to originate 
in the temporal bone. There is sufficient evidence to justify the 
assumption that punilent encephalitis may originate in infections 



Fit:. 94.— Large lirmiauon of the brain In encephaLtis pWegmonosa. 


of the temporal bone or In otogenous infections of the dura or 
dural sinuses. In these instances the encephalitis adv'ances like 
a phlegmon of the brain, and so is called “phlegmonous encepli- 
alitis” (Figs. 9-1 and 95). TIjis tj'pc of encephalitis is not as 
common as brain abscess. I have seen only three cases. Tlie palho- 
genesis is the same as that of brain abscess. Phlegmonous enceph- 
alitis is known to occur only in the cerebrum, although there is 
no reason to assume that it cannot occur in the cerebellum. Like 
brain abscesses, phlegmonous encephalitis may rupture into the 
s cntricle and may cause tcnninal meningitis. 

Wictlier or not nonpuniicnl encephalitis may be caused by 
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infi'clioTis of the teni]x)nit Imjjic Is coiilroversi.ih TljcorcUcafly, 
this e\cnlualil) cannot he tlenied, since, in priiicipk’, there is no 
(liiTerenw* iK'l'stvn pjimlent ami uonpnnilcnl encephalitis. Unl 



Fk. ’I'l -Owotpjl wtlKm ocvJjwtal tiil« In a uw I'f rtMTj'luliln 

p).I>*K:Tr>'-ii<>v( a, •iiLiIl ca\ilv l>. Iitinotrivacu •piirulmt riiiTpluiIilit, c, I'rAiri 

irmutam TlMti* no af>vTtt aatilt lliat aah t«- atlKlni tr> »urc>'0- 

from a pTatlic-al jxmil of >u*w. nonpnruU'nl cnccph.ihtis of otitic 
tmjjiii is sofne«li.U prohicinatic if it is consiilfr«l a morliicl entity. 
Aiitojisy ohsrrsations are not asatlahle, Invanse this type of en- 
tfph.'ilitis is not fatal In the few cases of death from w hal si'cmetl 
to U* nonpiimlent encephalitis, iiiicrosc'opie «-x:nniii.itlon revealed 
iliangi's vvfiitli must Ik* clas^ifierl as phlegmonous enceph;dit(s 
rather than nonpiinilent (iieepli<ilitis. 
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SYMPTOMATOLOGY 

Phlegmonous encephalitis is caused by acute or chronic otitis 
or by otogenous sinus thrombosis. The temperature cur\'e is irreg- 
ular, but higli fever is common, particularly before death. Tlie 
pulse rate is also irregular. In tJie early phase temperature and 
pulse are related, but later the curves diverge. Leukocytosis is 
moderate or not present; there is a shift to the left and poly- 
morphonuclears show toxic granulation. Tliere is definite apathy, 
and the headache is intense unless decompression of skull has 
been performed. Tlie cerebrospinal fluid is hemorrhagic, cloudy 
or clear and tlie cell and protein contents are invariably increased. 
Nficro-organisms are found in the fluid only immediately before 
death, 

Focal brain S}7nptoms, such as licmianopin, aphasia and 
spasticity arc present but fliicliiatc in intensity. Papilledema is 
absent or not marked. If decompression is performed, there is 
primary herniation of the brain (Fig. 94) whicli steadily in- 
creases, The illness lasts only several days and terminates in fatal 
meningitis. 

There is no great difficulty in differentiating between pbleg- 
nionous encephalitis and chronic brain abscess because tlie strik- 
ing sjstemic s)7nptoms with the former are not seen u’lth chronic 
abscess. Tlic differentiation of phlegmonous encephalitis and 
acute brain abscess is more difliciilt. Tlie following obser\’ations 
may be helpful. Tlic course of acute brain abscess is not as rapidly 
douTihill as Uiat of phlegmonous encephalitis. Fever is not as 
high or as irregular in acute abscess as in phlegmonous encephali- 
tis. The cnccplialogram in phlegmonous encephalitis is normal, 
but rn.iy show pathologic variations in acute brain abscess. Punc- 
ture of the brain gives positive results in acute abscess and nega- 
tive results in phlegmonous encephalitis. 

An accurate discussion of the svanplomatology of otogenous 
nonpumlcnt encephalitis is not possible because autopsy studies 
arc not available. The similarity of svTnptoms of serous menin- 
gitis, phlegmonous encephalitis and brain abscess and of non- 
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puriiliMil ciicpplialills rcntlm difTcrrntial dlaijno^is f\trcnK'ly 
difficult. 'I'lic fol!(n\mg symptoms arc believed to suggest non* 
pimilenl encephalitis. 

1. Tlie patient is not actitcly ill, whereas patients with phleg- 
iimnous encephalitis or acute brain abscess art* acutely ill. 

2. Then* mas or may not Wtifgh fcscr. In children it is nearly 
a!\sa\s found. Quiescent brain abscess does not cause high fever. 

3. In ailults the mental slate may be slightly disturlied: in 
children there are iinariably drowsiness, stupor and c*oma. 

•1. There is uitciise headache, and occasionally nausea and 
\f«niling, hut esegronnds are normal or there Is slight and tern* 
jvirar) papilleslcrua. This is contrary to ohscrs'ations in the hvpcr- 
teiisise l_\pe of serous meningitis, in which jwpilletlctna is the 
principal symptom Tlie oculomotor ners'c is often invobed. usu- 
alls on the ipsil.ilend side, occasionally on the conlralatcnl side, 
causing nisdnasis and c'entnally ptosis and loss of pupillary 
reaction. 

5. Tliere arc cerchollar and temporal lohe ssanploms Tlie 
former jiiclmh* tremor, adiadokokinesis and. escntnally, ataxia. Of 
the temporal IoIk* ss mptoins. liemianopia is not usual, but aphasia 
is relatively common. It must Ik* recall<*d that aphasia associated 
svilb car infections is almost iiwariabls the nominal tsi>e (p. 3S1). 
Motor aphasia indic.ites Involsement of the frontal lobe. If this 
insobeineiit is c;msetl In cncej)li.ilitis, the encephalitis is not 
likeb to Ik* tif otitic origin even in the presenw of an ear infection. 
Tlie following case is an instnictive example. 

A m.m. .nged 2iK svith clinmtr nlitis on the left, bec.'une ill vsilli a 
sevtre iip|>«T r»*^pira!ofy nml bronclii.il infivtion on April 11. Tour 
days btfT tie imldnity prewnted motor aplmta. he ilammerctl aiul 
Ills was not uiKUTst'indjlilr. lint hr could understand. Tiiere 

vsere ineontim-iics* .-ukI such marketl di/ziness that he could not leave 
his tied On April 2.3. Uvsrgiie’s sign was positive and thiTr was slight 
imiditv of the nrsl. He fell and walkrsl Jo the left. Tliere wire T.tXK) 
Inilfxytcs m the liJootl. and the crrelmtspin.v) fluid showed 73 crib 
atwl a jvositive Tandy re.irtKm. On tlie lift side, chronic otitis was 
ffHimt wvthmil signs of acute i-KacnlutEmi. Tlie nenmlngie svmptoins 
gradiialb snlrvidni. Iml on June 10 he was drluious Tlie fundi vmc 
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normal. On June 17, there werccentral facial paresis on the right and 
an atatia on the left TJie patient was again delirious and presented a 
mixed motor-.sensojy aphasia with particular involvement of the emis- 
sive component of speech. For this reason, a temporal lobe abscess 
was considered and, on June 21, a radical mastoid operation was per- 
formed. The attic and antnim were filled with granulations, but the 
tegmen was nonnal and was left intact. After the operation the neu- 
rologic symptoms subsided but did not disappear entirely. The patient 
was improved when he left the hospital. Tliere were no signs of brain 
abscess. 

The motor aphasia was caused by involvement of the left frontal 
lohc, and it can reasonably be assumed (hat there was encephalitis. 
Tlic absence of an acute exacerbation and the surgical findings indi- 
cated that the encephalitis was not otitic in origin but was probably 
caused by the jnlhieuza which precedetl the development of neurologic 
symptoms. The improvement after operation was a coincidence, inas- 
much as at nn earlier date a similar improvement was noted williout 
surgery. 

6 . There arc monopareses, particularly of the facial nerve, or 
hemiparesis and, in cliildren, jacksonian attacks. Tliesc occur on 
the side opposite the car inv'olvemcnt. The appearance of motor 
s)iTiptoms on the ipsilateral side eliminates otogenous nonpuru- 
Icnt encephalitis from consideration. The pareses continue for a 
comparatively long time and well past the acute phase of the in- 
fection. This is contrary to the findings in tlie infiammator)' type 
of serous meningitis (p. 289), in which the pareses and systemic 
symptoms of the acute infection usually siihsidc simultaueotisly. 

7. Meningeal symptoms arc slight and the cerebrospinal fluid 
is normal or hcmonhagic. In the inflammatory type of serous 
meningitis the meningeal symiptoins are more striking. 

8. Encephalography yields normal results in nonpunilent en- 
cephalitis, whereas it discloses displacement of the ventricles in 
clironic and, at times, acute brain abscesses. 

9. Puncture of the brain gives negative results in phleg- 
monous encephalitis and serous meningitis, but gives positive 
results in brain abscess. 

10. Strange as' it seems, little stress lias been laid on the car 
changes. According to tlic general p.ithology of intracranial com- 
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[ilicalions, one miglit siipixjsc that otogi’noiK nonpiinilcnt cn« 
crplialills caitsptl t^pocially hv «c«lc oUlis due to an upper 
respirator) infection nr an acute ctaccrhatlon of clironic otitis. 
Hottcser, in rcporto<I casM the stiuptoms of tionpunilenl cn* 
cephalitis clrseloped most frcqticntlv in eases of chronic olilh 
without the slightest sign of acute cxacerlwtion, or after well 
IHTfonncxl radical mastoid operations. These car findings tio not 
supjKiTt llie concept of t!\c otogenous origin of cnccphalilvs. 

11. Nonpundent encephalitis is not fatal, unlike phlcgnionous 
encephalitis and hrain alneess, which arc fatal unless proper 
drainage is cstaWishcsl. 

Only a few reported eases of otogenous nonpumlen! enceph- 
alitis presented all of the foregoing features. Apparcnllv otog- 
rrionj nonpnnilont encephalitis, as n morbid entit), is rare; ft is 
prolwbly not ns rare in association with meningeal infections. 
Tills ohsenation does not refer to cortical encephalitis assocl* 
nted ss-ith any t\pc of meningilLs: hut it does refer to internal 
and cstemal pach\ meningitis with uhicJi ccrehritl sjinptonis 
such as aphasia and. escntualK, licmianopia (pp. IDI and 137) 
arc seen, llieso symptnms certainly arc not c;msetl 1>) the pachv* 
nirningilts per sc. As the following case shows, at least iti some 
cases llic) are caused hv uonpnnilent cucephalUis associatetl w ilh 
pachvineningilis. 

A man. aget! SO. in 1907 Miidi-rweiit a radie.il m-astolcl operation 
and jugular lig.ition on the left side In 101-1. an .ihstc.ss ftmmtl in the 
iipjvor part of the retro-iiineular incision, llie abscess wms Incisiil and 
u (istiil.i desrlopcil in this area. TlicTe were no other compkiints. 

In NomuiIkt. 192ti. the nghl car was nnnn.al. On the left side the 
cash) svas p.vrtls epitlicllated. pirti) coscietl witli granulatiuiis. llirre 
was a fiituLi III the rftro.iiinciilar incision the sire of a pea. On No- 
snnlKT It. pListic closure of tin- fistula was peiformetl. Tlie pitient 
in.ide an unesmtful rtvoviTv ami ss-a* clIsmisMtl On Di-Cfsnhcr 9. he 
ctimpbinnl of diwmess and somltid On Pminhef 11. tlii-re were 
hencLuhe. dirtiness, somiting. nsslaginiii of second degri e to the right 
ami slight rise of leinjHTatiire. On PeccnilnT 13. the titnjHTutiire was 
nonn.il. llirre uas no di/riiK*st nr somllmg. Inil lIuTe wm- Mseie 
heasbehe mi the left side ami an alniiMijTit dls(h.irge from the lift 
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tympanic cavity and rctroauricuhr Hstula. Tlie labyrinths ^^'ere excit- 
able and the neurologic examination gave negative results. On De- 
cember 16, morning temperature was 102.5 F. He complained of 
intense pain in the forehead; the cervical spine was tender and 
tliere was slight rigidit)’ of neck. There were some ataxia on the left 
side, nystagmus of second degree to the right and typical nominal 
aphasia. No papilledema was found. The middle cranial fossa was ex- 
plored and marked edema of the temporal lobe was found. Tlie men- 
inges and superficial layer of the brain were hyperemic and there was 
no pulsation of the brain. Puncture did not reveal pus. The cerebro- 
spinal fluid \vas cloudy and spinal pressure was increased. Tlie follow- 
ing day the patient died. 

Autopsy revealed a cavity of considerable size in the left temporal 
lobe filled with blood and debris. At several sites the cavity anas- 
tomosed with the inferior horn of the ventricle. There was no brain 
abscess. In the ventricle coagulated blood was found. The Icptomen- 
Inges at the base were dull and lliere w-as subdural empyema ox er the 
loft temporal lohe. Nficroscopic examination of the left temporal lobe 
revealed leptomeningitis \snth very slight involvement of the superficial 
layer of (he cerebral cortex; in (he deeper layers were several mmu(e 
foci of encephalitis. Near tlie inferior horn of the ventricle xvas a 
small area of soft consistency. In this area the blood vessels were 
markedly dilated and some were ruptured. Marked perivascular infil- 
tration, consisting of poly- and mononuclear cells, invaded the sur- 
rounding white matter. The myelin fibers in this area were destroyed. 
In the neighborhood of this area were several other small foci of 
encephalitis. 

In this case there were subdural empyema and encephalitis of tlie 
left temporal lobe. The encephalitis must be classified as nonpurulent 
because there was no appreciable breakdown of tissue. Tliere was no 
brain absccs.s. It can reasonably be assumed that the nominal apliasia 
was caused by the nonpurulent encephalitis, not by the subdural 
empyema. The etiology of the cerebellar symptoms vv’as not clarified; 
it is probable that there was also nonpurulent encephalitis of the 
cerebellum. 

It seems certain that nonpurulent encephalitis of the white 
matter of the temporal lobe may be as.socialed with internal 
pachsTneningitLs of otitic origin and tliat the encephalitis may 
cause .symptoms .similar to those of a temporal lobe abscess. \\Tiat 
remains to be proved is that otogenous nonpurulent encephalitis 
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of llic lempira! IoIk; is an nulonomons morlikl cnlily, Ic.. with- 
oiil assotiaUnl infection of the moiinges. 

I’nficNWis 

Tlic pnignosis for plilegmonoiw oiicn'plniiitis is not favonihlc. 
All of nn cases svcrc fatal. Ilic progtiosis for nonpunjlent cti* 
cephalitis is gsxxl unless it K associatctl ssitli a meningeal infee* 
tiofi, although Ju-n»iparesis ma\ bst well litnond the ncnlc phase 
of encephalitis In some cast's pcnnancnl changes of the mental 
stale hasc In-cn nolctl after otugeiioiis nonpunilcnt encephalitis. 

TnEATMrNT 

No tlehnite infonn.Uuin is asailahle conmning trentmejil of 
plileginonons encephalitis of otitic origin. Simple dt'conipression 
and x*ri_\ irwlinent do not core. Ulicther cliemothonipy is effec- 
tive is not Liiouii. In nonpiinileiil cncrph.ilitis tlie pnnilent focus 
in the temporal liono must Ik* rliniiiutesl. Ilemoval of the legmen 
Ivmpaiu and cspisurc of the dura is not neccssars' nnU'ss the leg- 
men is necrotic and there is exterim! pach\ meningitis Chenio* 
thenip) mas Imsten definite oirc 

riMn\.Nor_si K.vf ri’iuuTis 

It is falrls svcll estahlishetl that there is a causal relationship 
Ijctsseen tonsiUectoms .\ml poUomseliUs. esjsccvallv l«*lsseen re- 
cent tonsillectonu and hitlliar jwliomyelitis. Wliether bullur 
pilionnclilis i> c-aiis(*ti In an actti.il pKlopTallse sirus infection 
of the tonsillar Wd or In a flare-iip of a l.ileril infix'llon in the 
tonsils Is not deicnnincs!. 
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Abscess 
brain, 323 ff. 

• acuto--e'tpansion, 328 
"adjaecnf,” 323 

• blood values wtli, 354 
capsule formation, 330, 333 f. 
cavlty-\l3uabzati<)n, COl, 365 
cerebrospinal fluid s^itli, 56, 360 
closed inplhod of manuffcment, 370, 

371 ff. 
contents, 329 
cortical, 323. 327 
Course, 348 fT. 

diagnosis after radical mastoid' 
tx'tomy, 853 

differentiation from bypertensive 
serous meningitis, 290 
differentiatKin from pacfiyorenin* 
gilis Interna, 138 f. 

(dema willi, 54, 334 
and cnCcpbalitis, 427 
extirpation, 370 
bcadaclie s\-ith, 850, 355 
w-illi liydrocepbalus, 333 
initial phase, 3-19 
manifest phase, 352 
marsupialization, 374 
mental state svitb, 354 
metastatic, 340 f. 
miiUlple, 318 

open method of management, 
373 {. 

papilletlema with, 358 
patfiofogy, 323 it. 
phases, 3-19 If. 
prelinifnar>- changes, 324 ff. 
limgnosis. 365 ff. 
pulse i\ith, 338 
nulcwnt phase, 350 


respiration uith, 356 
roentgen examination. 361 
rupture into ventricle, 341 If. 
and sinus thrombosis, 352 
sites. 323 

spinal puncture in, 60 B. 
spina! puncture in diagnosis, 359 
vvilh stalk, 345 
suboortiiul. 323, 326 
surgery, 368 JT 
surgery-afler*carc, 375 ff. 
surgery-jn/ected vs. sterile iield, 
368 

surgery— technics, 370 ff. 
symptoms, 352 ff., 379 ff. 
terminal phase, 352 
termination, 346 
traumatic, 347 
treatment, 307 0. 
treatment— conservative, 377 
unroofing of, 374 
ventriailar rupture into, 613, 377 
walls. 329 0. 
cerebellar, 408 0. 
c-quilibrium In, 415 f. 
facial paralysis with, 413 
fistulas with, 410 
flat. 410 

nystagmus with, 417 f. 
vviUi otitis, 410 
patlmlogy, 408 0. 
pointing test, 413 
prognosis, 419 
shapes, 409 
spJieriral, 410 
symptoms, 410 0. 

■ tre.itmcnt— surgical. 120 f. 

CitclU’s. 93 
extradural, 89 0. 

widi aseptic meningitis. 99 
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It 
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li'f.iminal. S-S 

ultli imrulml ntcnlneitd, 215 
l>> IrmpirTal I'Ik* alxcrxi. 305 
and ItUrarranial lii'prrlrnib'n, 51 
rrr»\inT Incrraw 

M"p aim llypptlrmbm 
tanw-t. 335 
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Brain (cont.) 

in sinus tiirombosis, 155 /. 
symptoms 

wlh abscess, 33-1 ff. 

Nvith abscess (cerebellar), 414 
with abscess frontal), 401 I. 
ssilh abscess (temporal), 3S3 (. 
wlb lateral sinus thrombophlebitis, 
186 ff. 

sWth paclijmeningitts externa, 100 

IF, 

with pach>Tncningitis interna, 136 
f. 

with xietrositis, 113 IT. 
will) purulent meningitis, 268 ff.. 
302 

with thrombosis (caxernous), 226 
with thrombosis (longitudinal), 
S41 

C 

Carotid sinus, ace Sinus 
Caiemous sinus, sec Sinus 
Cephalocclc, 32 R. 

• transeUimnid, 3-1 f. 
t>T>ex, 34 

Cerebellum; vaAcuIanzation, 81 
‘ Cerebrospinal fluid 
absorption, 44 

anatomy and phj-siolog>'. 43 IT. 
and blood pressure in lifaJn, 20 
with brain abscess, 360 
chemistry and immunology, 58 1 
circdiation, 45 

in intracranial liypertenxion, 51 
in lateral sinus thrombophieintis, 180 
pressure, 40 ff. 

and arterial pressure, 48 (. 
normal « aloes, 46 
"secretion pressure," 46 
protein content, 59 
in purulent menitv'iliv 260 ff. 
in sinus thrombosis, 186 
sources, 43 
specific graxily, 58 
sugar content, 59 
ill tulicrailoiis meningitis, 919 
Cerebrum; xascularizalion, 8l 
Cislcriia 

aradinoid, 38 

block, complicating spinal puncture, 
61 

ccrebcllotneduli.iris, 38 
of chlasma, 40 
of gasserian ganglion, 39 


pontis, 38 
puncture, 6-3 B. 

Coumarin, 180 
Cnbriform plate, 41, 70 

fracture, causing meningitis, 252 ff. 
relation to nasal sinuses, 72 B. 

Cross of death, 161 

D 

Deafness, with temporal loix? abscess, 
389 

Dermatomyositis, metastatic, lS-3 
Detmographism. with meningitis, 272 
Dura mater 
anatomy, 3 R. 

at petrous apex, 8 f 
bony altachments, 6 {. 
inncrsation, 4 

trauma (surgical), meningitis from, 
250 f. 

E 

Ear 

cochlear ariuediict, 40 
infections, causing pach> meningitis, 
131, 137 

internal auditory meatus, 41 
symptoms 

xnlh abscess (cerebellar), 410 
with alweess (temjxiral), 380 (T 
with lateral sinus thrumlxiphlebitts, 
187 il. 

with pachymeumgitis externa. 102 

R. 

with petrositis, 118 fT. 
xcith thromlmsis (caxprnous), 233 
with thrombosis (longitudinal), 
242 

Edema of brain 

with brain abscess, 51, 334 
complicating abscess surgery, 373 
Electrocnccphalograpliy , 82 f. 
Embolism 

air. in jugiil.ir hgatioii, 203 
from sinus thrombosis, 156 f, 182 
Empyema. suWural, 131 ff. 
Encephalitis, 423 IF. 
and brain aliscess, 336 
and brain herniation, 336 
nonpurulent, 423 
with pachjTJKmmgitH, 130 
symptoms, 428 fl. 
otogenous, 425 If. 
symptoms, 427 
treatment. 432 
phlegmonous, 424. 425 if. 
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atiij Wiin al-»cr^«. 4I7 
Jf. 
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aittrijl, 36^ 
in I'liIi-irinorKHM pntrrli.iJitii, 3^1 
iftj.ntc. r.-i I 

Fr^nJwiH* jrrimihrli. Cfl3 
I'-ijyliiWiiini. 'ftrtSi cMtA'riSii 
•115 I 

Ko^iinlat. Iftnpifiil. tlifff»*n!l4llw» 
frnin »uiHi IKS 

KxapKlhalmris willi caxrfn'an tliTTw- 
Uhw, 320 {T. 

E)»* i)Tiir'<i3mi 

Hiiii liriln alnmt, 353 
’fcivli tiNmnnia 220 8 

with fri'nlal fc^ir aW<TA«. -lOI. 100 
with pnruVnt mrnfaRitU, 274 

F 

Frirr 
wSll^ Irtiin 

wilh IrNifrtml iii«n (hrumlaHii, ISI 

with (M'pHtrtnij «( ilifTimi«ij4i|rlHti». 
ISO tf 

with 100 

with tiiritTRlat'hli'bilu <>( Litrfjl 
iiniM, 1 S ,1 0 
Fftola 

lirjin-wllh crtfVtLif «i>»or5«. -110 
I’CatflHhitl 

with lifsiii afivcrK. 311, 312. 311 
0 

with frantil ViW nbvrtf. 40l 

fliiral. tn luthjTmfiingilM inlrrna. 

ni 

Fipiljr-Uln. 201, 2J1 
tr*n»'iimiaii il. "ilS 
• mtiMiUr, w4ih Ifjifj a!M<^v 311. 
312 r 

Fl'ilil iivtaV^ with v^vmnla ITS fi 
Funfii* ctTflti. trr llialn, {wfrljtM.n 

r. 

CiiV rrrfWrjif. 410 

Ciwa-rtin 1 

chffma. S') 
tVtniRin. ISO 
Erwh-aiif i’» »>Ta!a.TTir. 117 
Oaiak-kLn. 173 


11 

with hraia al»MT5«, 350, 355 
witli ftmilil alaii^itlt, 351 
with ititractanbl tnfnplii'alliw. 100 
with nnnptinih-nl rnccrlnhlK -IZS 
Ilrft«>»jh4|'p In’ni literal 140 

Ikpatiu, thO 

llrtniitfaifi, ler Rnm, hetnialioii 
lliahtt trnttKfi. S5 
li>ilroct*ptial«« 
caiiffa. 15 1. 

nmtralaleral, with hraii) ulntm, 313 
ntiltc. 211 

IbfwrratlKWia' with metiiitcilla, 2T2 
ihpettmtian, intramnlal, SI 0 
lihaat in, 52 

Wain rhanm caiiMiiS, .51 
trn-lin»|<it>al OiiUl In. 51 
with chflinlc mehral alwriwa. 355 
»»Tiipii<mi 50 0. 

ll>T''ph)»i«, "5. 77 

1 

Inriwira lri>tf>iix. 55 
Inlevtnm 

nC cnmtb! 221 ff 

!■> rtinipriH^ixii-in l.itrtal «inii% 119 

I 

liv tviilipjil), 00 
in rvinilnit ir«etiiiii;ittt. 215 f 
•i» Ihn’niN'phlfhitu I'f l.ilml tlnm. 
Ill 0 

«.f \itm li) uiflitnei! Ijanph muliw, 

157 

Iw 01 

III ra\enw»it llni'iiiUnU, 2]l> 0 
In purulent niriiiii;'lli«, 210 0 
111 liirtiinUiphlrhitii f>l lateral *lmi«, 
117 0 

h> lullin' ( iurtpral I 

onwnj; jKiniUiit inrlilnjrilij. 2l0 0 
of ihiral »laijir%. 151 II 
of twewlaseal vetnv 225 0 
«4 i.UarUTT l"ir«lle iWitlii. r.tii'iiis 
nirtiinjjilti. 150 

ifliital. «i«l ca'.«TTii"i' tlirnmlnwn 

217 1 

<f iwnUhiTinlhlne rtlh. with jKitu 
Itif mnilncillt In »Sn!. VH} 
J>rftli»»l 221 0 

r4 |'>hjr\r'C'^anlUr) 210 0. 

251 0 

t>«tip-ii fi>r I'f Wain 3l»e»^«, 305 
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Jugular \ein 
bulb. 20 ff. 
irrigation, 213 
lliromlwphlebitis. 209 ft. 

{nfpclion from inflamed lymph nodes. 
147 

internal— anomalies, 201 
ligation, 202 ff. 
air embolism in, 203 
bilateral, 208 
iiazards, 20'1 
indications, 207 

and intracranial Jjyperlcnsion, 53 

K 

Koerncr’s doctrine, 533 

L 

Labjrinth: In petrositis, 118 
L3b>rint}utis 

acute purulent meningitis from, 301 
in eerelwHar abscess, 408 f., 413 
purulent, causing p.-ichymeningitis, 
102 

Lacunae, lateral venous: 16 
Lamina cnbrosa, see Cribriform plate 
Leptomeningitis, see also Meningitis 
causes, 245 

with external paebyrneningUts, 99 
tuberculous— palboficncsis, 265 
Leplomeninx, see Pia-arachnofd 

M 

Mastoid 

.mfrum— in/ectioii in cerebellar ab- 
scess, 408 

surgery, see Operations 
Mastnitlisjn, 187 

surgery for, causing incningitiv, 288 
^tastoidiiis 
BexolcJ’s, 299 
uilb chronic otitis, 101 
and Petrositis, 113 
piimlenl incningjlis from, 299 
surgical 

sWlli fugular tfiromlxyns. 212 
MilJi sinus tbromljosis, 187 f, 
Masllla: osteomjehtis in nurslings, 230 
Xfeckds casity, 8 f. 

Meninges 

in area of cribriform plate, 72 
in simus ibrninliosis, 155 
Meningitis, sre aUn Leplomeningilfc. 
after abscess surgery, 375, 370 


brain Ijcrniation with, 336 
choroid plexus in, 260 f. 
dcimcigTaphism u4th, 272 
ependj-mifis granulofis in, 260 
with extradural ahsecss, 99 
hyperesthesia v.ith, 272 
hypertensive, see otitic scrotis-hyper- 
tensive 

idiopathic aseptic, 272 
in infants, 2iS 

localized— spread h> spinal puncture, 
61, 286 
otitic, 282 ff 
localized, 283 ff. 
otitic acute purulent, 297 ff 
from acute otitis, 298 
in aged, 299, 300 
course, 302 

in infants and children, 298 
stTnptomr, 298 ff. 
otilic serous, 287 ff. 
otitic $etous-li>pertpiisive, 291 ff. 
diffcrentiatfon from brnm abscess, 
290 

papilledema in. 200. 297 
prognosis, 296 
symptoms, 295 ff. 
treatment. 297 

otitic serous— inflammatorj. 287 ff. 
differential diagnosis, 291 
posiopernli' e. 287 f 
prognosis, 292 f. 
symptoms, 289 ff 
treatment, 293 
with otitis (subacute), 11.5 
pharyngeal, 314 ff. 

acute serous, 314 f. 
postoperative, 249 ff. 
after ethmoid operation, 253 
after mastoid surgery, 249 f 
after polyp extraction, 219, 256 f 
xsilh stapes luxation, 2t9 
imrulcnt 

see also otitic, pharynge.ii. rhinog- 
enoiis 

air inflation for, 285 
brain involvement, 259 f. 
cerebrospinal fluid in, 269 ff. 
of ethmoid origin, 309 
from frontal sinuses, 306 ff. 
intermittent t>7>e, 302, 36-3 
mental slate 'vilh reensery', 261 
micro-organisms in. 258 
of n.xsal origin. 311 ff. 
ncclc rigidity with. 273 
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F 

IVnrr 
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150 « 
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IK 
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'mttioiUj. wUh hniin HI. 
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I'l 

fVttiuniri. IW 

•3T»lr»n»‘. 117 
J71 
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with lirain alrtc*n», HO. HI 
with fK'tilal simoitK .“Vll 
w»lh iiitnrraTiijI criniphratl<m«. 100 
wiih fi'mjMiriili »l mcrrinlilli, 42S 
llrfinfilusgi- fu»m l.ilpral »imn. HO 
llri'Aon, 1^ 

Ilrmittfc'ii. Kc' Pmn. lirrnlatk’n 
irntniil, 55 
ll><lfiKrphtlii« 
cau*r», 15 I 

itiiitrilatrrat. walli lifain nlruw, OH 
ollllc. 211 

ll«|'rttn(lir<ta with rnrninjritu. 272 
litprflrtoioii. iiitraiTanlal, .11 IT 
l>}ixxi tintrli in. 52 
lirain i}iaii(*r< inii«ltii;. .51 
(Tolmnpittal Hriul tn. .51 
wiih (Imniii iTri'hrnl bIhctw, 511 
50 ff 

"5, 77 

1 

locwiira irnturil. V> 

Uitrxium 

of <-ao><ti) j'l.-aio, 221 (f 
l>> o>iiipicsv|>>ii-iri lili-fnl sliiiit, 140 
f 

!•) «wlipiU>, 00 

ill pnmlrtit iwnliiBiHt, 215 f 
in t)lr>m|^lI>phll•)>ltl^ of lilrral ftrmt, 
141 ff 

of \iifM li> inP.inm! I>tn{<li txnh-t 
117 

l»\ onitimoly, yi 

in ca'mi'nii Ihnnnlxnlt. 210 IT 
in (nimlrnt mrtiiocill*. 21(1 f! 
in llifoinlinphh hilit of l.itrfjl 

147 If 

hy injiirv (Musical I 

caijiine ptimlpnt mrninciln. 210 (f 
•iJ rfiiril Mmjwn, 151 H 
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Orbit 

collateral hyperemia, 218, 228 
lf)5fc tioji, and ca\enif)iis t!m>mlK»K, 
217 I. 
phlegoion 
incisions for, 237 
primary, 21U 
secondary, 210, 228 f. 
subperiosteal abscess, 218 
surgery far cavernous thrombosk, 237 
s>mptoms 

with cavenious thrombosis, 226 IT. 
with frontal lol>e abscess, 4W 
with rhinogenous purulent menin- 
eitis, 307 313 

Osteitis: definition, 00 
Osleom> chtfs 
deRnition, 00 

nf maxilla in nurslings, 230 
of petrous bone, 112 
OsleoniyehUs of slcull 
causing pachj-ineningitis, 131. 138 
with frontal lube abscess, 398 (!., 404 
surgery for, 407 

with longitudinal thrnmbusls, 242 
with paciiymcningitis, 101 f. 
rhinogenoiiS—classificatinn, 90 
with rhInogCTiuus puchymeningilis- 
management, 109 

with thlnogcnous serous meningitis. 
303 

Osteophlebitis pyemia, 148 
Otitis media 
aaitc 

causing petrositis, 112 ff., 118 
mastoid surgery causing meningitis, 
112, 287 

punileiir meningitis with, 298 
with sinus thrombosis, 187 ff. 
and tiilierculnus meningitis, 260 
causing ca>ernnus Ihromlxrsis, 233 
raiisiiig pacbymeningitis, 102 f. 
cansing (emporaf fofte abscess, SifO ff. 
chronic 

causing pcimsitis, 112, 110 
camirg puriilcrt mciiirrgitis, 300 
pus retentiun with chulestcaloma. 
190 

with sinus ihnimliosis, 100 f. 
mastoid syinptoias in, 301 
subacute— meningitis in, 115 

r 

r.iceluoiii.in liotlles, 31 
and siirgkwl iii]tit> nf diir.i, 2.71 


I^cli) meningitis • 

(if cranial fossas, 93 
cstenia, 89 If. 

causes, 01 
* course, 99 f 
otogemms types, 95 
prognosis, 106 
symptoms, 100 ff. 
treatment, 100 if. 
x-ray examination, 106 
liemorrbagica intenia, 1 12 
interna, 131 ff. 

differentiation from brain abscess, 
138 f. 

latent type, 135 
patbology, 131 ff 
prognosis. 139 
symptoms, 13S if 
treatment, 140 f 

nonpnndcnt encephalitis with, 430 
in petrositis, 110 ff 
rtiinogeiious, 96 
tulicrailuus, 141 f. 

Pacli>nK*ninc, see Dura mater 
r.ipillcdeina 
with brain abscess, 353 
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296. 297. 303 

with lateral sinus ihriindxiphlebilis, 
166 

with sinus thrombosis, 33. 186 
Paracentesis of drum menibrane 
for acute serous meningitis, 293 
purulent menm^tu from, 249 
Paralysis 
nlxfucens 

with cavernous thmmlxwis, 226 
with petrositis, 110 
with purulent meningitis, 27J 
facial 

with cerebelbr abscess, 413 
with petrositu, 118 
wYffi f/xmtitf hbe abscess. 405 
respiratory, with bram alwcess, 338 
trigeminal, with cavernous throinlw- 
sls, 220 

Penicillin, 170 ff. 

for cjiscmotis thrombosis, 235 
for meningitis, 270 
Periostitis, internal: of stuff. 89 
Pcnplilcbitis of chiral sinuses, 143 ff 
Petrmitis, 110 ff. 
causes, 112 
and mastoiditis, 113 
pachjmcningitu m, IJO ff 
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Orbit 

collateral liypercmia, 218, 228 
Infection, and e-avenious tJinmibosis, 
217 f. 
piilegmon 

incisions for, 237 
primary, 219 
secondary, 210, 228 f. 
subperiosteal abscess, 218 
surgery' for cavcrmnis thrombosis, 237 
symptoms 

s\it!i casernous thrombosis, 226 II. 
svilh frontal lobe abscess, 404 
svilh rhinogcnous purulent menin- 
gitis. 307 f . 313 
Osteitis: deGnition, 90 
Osteomyelitis 
definition, 00 

of maxilla In nurslings, 230 
of petrous bone. 112 
Osteomyelitis of sVull 
causing jMchymcningilis, 131, 138 
with frontal lobe abscess, 398 ff.. 401 
surgery for, 407 

with longitudinal thrombosis, 212 
v/ith pachymieningitis, 101 f. 
rhinogcnous-^lassiGcation, 96 
with rlklnogcnous p-ichymcningitis— 
inaiiagcmcnf, 109 

with rhinogcnous serous meningitis. 
302 

OstcoplilebilU pyemia, 148 
Otitis media 
acute 

causing petrositis, 112 ff. 118 
mastoid surgery causing meningitis, 
112, 287 

piindcnf meningitis svitli, 298 
with sinus throniliosis, 187 ff. 
and tiilicrcuioiis meningitis, 266 
causing casenioiis thromlrosls, 233 
causing pachymeningitis, 102 f. 
causing temporal lobe .ibscess, 380 II. 
chronic 

causing petrositis, 112, 119 
causing purulent meningitis, 300 
pus Tclcntion with cholesteatnm.a, 
190 

with sinus IhromUisis. 190 f. 
mastoid symptoms In, 301 
suhacutc— inctiingrtis m, 113 

P 

Pacchionian bexhes, 31 
and surgical injury of dura, 251 


Pacliynteniiigitis * 

of craiual fussas, 93 
externa, S9 If. 

causes, 91 
* course, 9S f. 
otogenous types, 95 
pnrgnoiis, 106 
symptoms, 100 ff. 
treatment, 106 If. 
x-tay examination, 106 
Wmorrliagica interna, 142 
interna, 131 if. 

differentiation from brain abscess, 

138 f. 

latent type, 133 
patlioiogy, 131 if. 
prognosis, 139 
sy-mptoms, 133 If. 
treatment, 140 f. 

nonpunilcnt encephalitis vsJtb, 430 
III petrositis, no (1. 
rhinogcnous, 06 
tuberculous, 141 f. 

Pachymeninx, see Dura mater 
P.ipilledcina 
With brain abscess, 338 
witii hypertensive serous menhigith, 
296, 297. 305 

with lateral sinus tliromboplilebitis, 
180 

Milli smus throniljosis, 53, 188 
Paracentesb of drum membrane 
for acute serous meningitis, 293 
piiniieiit meningitis Frum, 249 
Paralysis 
nlidiicons 

with cavernous ihromljosis, 22G 
with petrositis, 116 
with purulent meningitis, 274 
facial 

with cerebellar abscess, 413 
with petrositis, 118 
with (ruTital lobe abscess, 405 
respirntory, with brain abscess, 356 
trigeminal, with cavernous thrombo- 
sis. 220 

PenklUin, 170 fT. 

for cavenioiis thromliosis, 235 
for meningitis. 279 
PerloslitU, internal: of cVull, 89 
IWipItlchkh of chiral sinuses, 143 ({. 
Petrositis, 110 IT. 
cntises, 112 
and mastoiditis, 1 13 
pJchymcTiingitls in, 110 if. 
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eTpo5urc-<Iangers, 151 £f. 
injury-surgiwil, 151 If. 
intercavernous, 21 
lateral, 17 ff, 
exposure— technic, 196 ff. 
hemorrhage from, 148 
incision, 151, 198 
palpation after exposure, 198 
puncture, 151, 198 
tiirombophlebllis, 144 ff., 181 ff- 
longiluiinal, superior, 13 fi. 

thrombosis, 238 (1. 
pclrosal-iiifeclion, 221 fl. 
petrosal, inferior, 25 
petrosal, superior, 25 
lltrumbophlebitis, 214 f. 
petrosquanwus, 20 
thrombophlebitis, 215 
pulsating, 4S 
sigmoid, 17, 19 
sulcus, 10 {. 

tliTombosb, sec Thrombosis 
tronsNcrse, 17 
Sinuses, paranasal 
ethmoid 

purulent nieiiiiigritis from, 309 
roof— anatomic rclationsblps, 73 
frontal 

Junsen'Ritter operation on, 109 
purulent meningitis from, 300 ff 
roof— anatomic rclatiunstiips, 73 
infections 

causing frontal lolw abscess, 398 
it.. 401 f. 

causing pacliyraeniiigiUs, 131, 138 
maxillary-punilent meningitis from, 
310 

relation to brain, 70 ff. 
sphenoid— anatomic rebtiorrsliips, 75 
surgery for cavernous thrombosis, 
238 

suTgerj--meningltls from, 252 ff. 
sjTnptoms 

with caveniniis thrombosis, 230 f. 
with longitudinal thrombosw, 242 
Sinusitis 

causing longitudinal thrombosis, 212 
frontal 

causing pach>'meiiingilis, 138 
frontal lobe abscess svith, 397 f., 
402 f. 

headache of, 

sphenoid— Causing cavernous tlirom- 
U'sis, 230 


Skull 

osteoroyehlis, rec Osteoniyehtis 
rigidity, 20 f. 

Space 

mtermeningeal, 37 ff. 
pharyngomaxillary, 79 
drainage, 316, 317 
infection, 219 f., 23t ff. 
phlegmon, 219, 231 
retropharyngeal, 79 
subarachnoid, 37 

drainage, m meningitis, 2S0 
subdural, 37 
of Virchow-Robin, 42 
Spines in purulent meningitis, 273 
Stapes, luxation* purulent meningitis 
from, 249 f. 

Sulfonamides, 163 ff. 
for cavernous tlirombosu, 233 
effects 

bacteriostatic, 168 
masking. 167 
toxic, 166 f. 

for fulrninating meningitis, 253 
for purulent nieningitis, 278 ff. 
results, 275 f. 

for septic sinus thrombosis, 169 
Syndrome 

de ducordnnee, 360 

m pachymeningitis Interna, 137 
of From, 03. 270 
Gradenigo’s, 117 

T 

Temperature, see Fexer 
Tempwal bone 

anatomic relation %Mlh brain, 08 
pneumatizatiun, 110 
surgery— sinus thrombosis after, 191 
ff. 

Tentorium cerclielh, 17, 53 
Tentorium of olfactory bulb. 72 
Tests 

pointing, in cereliellar abscess, 415 
^cckcmtedt, 49 
Tobey-Aycr, 50 
Tlirombectomy, partial: 201 
Tlirombocndophlebilis, 146 
Thciimbophlebitis of dural sinuses, 143 
ff. 

see abo Tluombosis 
brain and meninges in, 155 
complications, 153 ff 
of jugular bulb, 209 ff. 
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